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WARRANTY 



Wavetek warrants that all products manufactured by Wavetek conform to published 
Wavetek specifications and are free from defects in materials and workmanship for a period 
of one (1) year from the date of delivery when used under normal operating conditions 
and within the service conditions for which they were furnished. 

The obligation of Wavetek arising from a Warranty claim shall be limited to repairing, or 
at its option, replacing without charge, any product which in Wavetek’s sole opinion proves 
to be defective within the scope of the Warranty. In the event Wavetek is not able to modify, 
repair or replace non-conforming defective parts or components to a condition as 
warrantied within a reasonable time after receipt thereof. Buyers shall be credited for their 
value at the original purchase price. 

Wavetek must be notified in writing of the defect or nonconformity within the Warranty 
period and the affected product returned to Wavetek’s factory or to an authorized service 
center within (30) days after discovery of such defect or nonconformity. 

For product warranties requiring return to Wavetek, products must be returned to a service 
facility designated by Wavetek. Buyer shall prepay shipping charges, taxes, duties and 
insurance for products returned to Wavetek for warranty service. Except for products 
returned to Buyer from another country, Wavetek shall pay for return of products to Buyer. 

Wavetek shall have no responsibility hereunder for any defect or damage caused by 
improper storage, improper installation, unauthorized modification, misuse, neglect, 
inadequate maintenance, accident or for any product which has been repaired or altered 
by anyone other than Wavetek or its authorized representative and not in accordance with 
instructions furnished by Wavetek. 

Exclusion of Other Warranties 

The Warranty described above is Buyer’s sole and exclusive remedy and no other 
warranty, whether written or oral, is expressed or implied. Wavetek specifically 
disclaims the implied warranties of merchantability and fitness for a particular pur- 
pose. No statement, representation, agreement, or understanding, oral or written, made 
by an agent, distributor, representative, or employee of Wavetek, which is not contained 
in the foregoing Warranty will be binding upon Wavetek, unless made in writing and 
executed by an authorized Wavetek employee. Under no circumstances shall Wavetek 
be liable for any direct, Indirect, special, incidental, or consequential damages, 
expenses, losses or delays (including loss of profits) based on contract, tort, or any 
other legal theory. 
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SAFETY FIRST 




Protect yourself. Follow these precautions: 

• Don’t touch the outputs of the instrument or any exposed test wiring carrying the output 
signals. This instrument can generate hazardous voltages and currents. 

• Don’t bypass the power cord’s ground lead with two-wire extension cords or plug 
adaptors. 

• Don’t disconnect the green and yellow safety-earth-ground wire that connects the ground 
lug of the power receptacle to the chassis ground terminal (marked with 0or/i\). 

• Don’t hold your eyes extremely close to an rf output for a long time. The normally 
nonhazardous low-power rf energy generated by the instrument could possibly cause 
eye injury. 

• Don’t plug in the power cord until directed to by the installation instructions. 

• Don’t repair the instrument unless you are a qualified electronics technician and know 
how to work with hazardous voltages. 

• Pay attention to the WARNING statements. They point out situations that can cause injury 
or death. 

• Pay attention to the CAUTION statements. They point out situations that can cause equip- 
ment damage. 



WARNING 

This instrument normaliy contains a iithium battery. Where lithium is prohibited, 
such as aboard U.S. Navy ships, verify that the lithium battery has been removed. 

Do not recharge, short circuit, disassemble, or apply heat to the lithium battery. 
Violating this ruie could release potentially harmful lithium. Observe polarity 
when you replace the battery. 




SECTION 
GENERAL DESCRIPTION 



1.1 MODEL 23 

The Wavetek 23 Function Generator generates a signal 
from 0.01 Hz to 1 2 MHz in synthesized, continuous, trig- 
gered and gated modes with output levels of 1 0 mV to 
20 volts peak-to-peak. The synthesized mode has 4 digits 
of frequency resolution with 0.005% (50 ppm) accuracy. 

1 n addition, the synthesizer circuit extends ECL and TTL 
output frequencies to 32 MHz. 

The Model 23 conventionally generates sine, triangle, 
and square waveforms from 12 MHz down to 1 kHz. 
Below 1 kHz the waveforms are digitally synthesized to 
extend the frequency range down to 0.01 Hz while at the 
same time maintaining high speed locking in the fre- 
quency synthesized mode. The waveform synthesizer 
also provides the additional features of up and down 
ramps, and triggered or gated haverwaves. A dc offset 
voltage is available up to ±1 OV peak. 

Instrument set-up parameters are programmable and 
are displayed on a 16 character by 2 line LCD display. 
The Model 23’s microprocessor makes possible the 
interactive display, remote programming, frequency and 
amplitude units conversion, and internal test procedure. 
The ability to power up in the same set-up as when last 
powered down is provided by a stored memory setting 
maintained with a long-life lithium battery. 

The Model 23 also has the capability of being externally 
modulated using amplitude (AM), frequency (FM), or 
suppressed carrier (SCM) modulation. Carrier suppres- 
sion is at least 40 dB, and may be improved to typically 
70 dB (to 1 MHz) by using the Control knob to adjust the 
SCM NULL value. 

GPIB(Option 001) numeric input is entered infree format 
(fixed, floating, or exponential notation). The parameters 
may be entered in any order and interactive error checks 
occur after the execute command. RS-232-C (Option 
002) data format is 8-bit, no parity one stop bit. 

Manual control parameters are key selected via the front 
panel. Numeric values are incremented or decremented 
with the prominent control knob with immediate error 
checking and execution. 

Instrument setup is continuously battery backed-up in 



memory for return to exact setup after power-down. 
Memory is maintained with a non-rechargeable lithium 
battery for 6 months minimum (typically several years). 
A low battery warning will be displayed at power-up if the 
battery voltage drops to 70% of its nominal voltage. 

WARNING 

This equipment uses a BR-2/3A, 3V lithium 
battery, that contains iess than 0.5 grams 
of lithium. To prevent the reieaseof a poten- 
tially harmful substance, DO NOT 
RECHARGE, SHORT CIRCUIT, DISASSEM- 
BLE, OR APPLY HEAT TO THE BATTERY. In 
addition, observe correct polarity when 
repiacing. 

1.2 SPECiFICATIONS 

1.2.1 Waveforms 

Programmable sine, triangle, square, and dc are 
available from 1 kHz to 1 2 MHz. Below 1 kHz, up ramps 
and down ramps, and triggered or gated haversine or 
havertriangle waves. Above 1 2 MHz, only TTL and ECL 
clock waveforms are available. 

1 .2.2 Operational Modes 
Continuous 

Function, TTL, and ECL outputs are all active. Output is 
continuous at programmed frequency, 3 digit resolution 
and ± 1 % of programmed frequency. 

Trigger 

As in Continuous Mode except that output quiescent until 
triggered by external signal, interface (option 001 ) trig- 
ger, or manual trigger, then generates one cycle at pro- 
grammed frequency. 

Gate 

Same as Triggered Mode except output is continuous 
for the duration of the gate signal. The last cycle started 
is completed. 




Clock 

Function output is 0 Vdc. TTL and ECL outputs are active 
to 32 MHz. Frequency is synthesized to 0.005% 
accuracy. 

Continuous Synthesized 

Same as Continuous Mode except 4 digit frequency 
resolution and 0.005% (50 ppm) accuracy. 

1.2.3 Output Frequency 
Range 

10mHzto12MHzin9 decade ranges continuously pro- 
grammable at Func Out. 1 0 mHz to 32 MHz continuously 
programmable at TTL Out and ECL Out if in the clock 
mode. 100 /.(Hz islo\west attainable frequency (See Fre- 
quency Zero, paragraph 1.2.5). 

Resoiution 

4 digits in synthesized modes. 3 digits in all other modes. 
Additional Vi digit for frequencies above 10 MHz. 
Between 1 6 and 32 MHz the frequency steps are in two 
least significant digits (LSD). 

Accuracy 

50 ppm in synthesized and clock modes. ± 1 % of fre- 
quencysetting ± 1 % ofdecade range in all other modes. 

Spurious Signals 

Typically 70 dB below fundamental (excluding funda- 
mental ± 200 Hz) to 1 MHz and 40 dB below fundamental 
to 12 MHz (in synthesizer mode only). 

Integrated Signal To Phase Noise 

Typically 40dB below the signal to 1 MHz measured over 
± 1 5 kHz bandwidth excluding carrier ± 1 0 Hz (in syn- 
thesizer mode only). 

Synthesized Mode Lock Time 

Less than 300 ms for within 0.01 % of new programmed 
frequency. 

Repeatability (24 hr.) 

0.0003% in synthesized mode. ± 1 % in all other modes. 

Jitter 

Less than or equal to 0.1% of period, ±100 
picoseconds. 

1.2.4 Frequency Control 

Controlled by programmed value or by external VCG 
input. 



Value 

Frequency value is manually or bus programmable with 
automatic range selection. 

VCG (Voltage Controlled Generator) 

An ac or dc input voltage controls the frequency. This 
input is disabled in the synthesized mode. 0.0 to ± 1 2 
volts into 1 0kQ for up to 1 200:1 frequency change in each 
of 9 frequency ranges (ranges must be programmed). 
Slew rate is limited to 0.1 V//iS. 

1.2.5. Frequency Zero 

In the non-synthesized modes, the front panel controls 
or the bus commands will set the frequency to the bottom 
of the current range for 1000:1 VCG change (1200:1 on 
top range only). The ranges are as follows: 



Specified Rangef Lowest Obtainable VCG 

(Programmable Portion) or Zero Frequency 



12.00 MHz to 1.00 MHz 


10 kHz 


999 kHz to 100 kHz 


1 kHz 


99.9 kHz to 10.0 kHz 


100 Hz 


9.99 kHz to 1 .00 kHz 


10 Hz 


999 Hz to 100 Hz 


1 Hz 


99.9 Hz to 10.0 Hz 


100 mHz 


9.99 Hz to 1.00 Hz 


10 mHz 


999 mHz to 100 mHz 


1 mHz 


99.9 mHz to 10.0 mHz 


1 00 mHz 



‘Waveform specifications are applicable. 



1.2.6 Output Signals 
Amplitude 

Range: 0.01 to 1 0.2 Vp-p into selected impedance (0.02 
to 20.4 Vp-p into >50kQ)at Func Out. Impedance is user 
or option selectable to be 50, 75, or 600Q* . Absolute peak 
amplitude plus offset may not exceed 5.1 volts into 
selected impedance (1 0.2 into >50 kQ). Selected value 
may also be displayed in Vp, Vrms or in dBm. 
Resolution: 3 digits or 10 mV when absolute peak 
amplitude plus offset >0.5V; 3 digits or 1 mV when 
absolute peak amplitude plus offset <0.5V; 3 digits or 
0.1 mV when absolute peak amplitude plus offset 
<0.05V. When In dBm units, actual resolution is the 
same. The closest decimal value to the dBm value asked 
for (in 0.1 dBm increments) will be given. 

Accuracy: ± 1 % of selected value plus one of the follow- 
ing; For 0.01 to 0.099 Vp-p (peak amplitude plus offset 
<0. 05V) range, add ±1 mV. For 0.1 to 0.999 Vp-p (peak 
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amplitude plus offset <0.5V) range, add ±10 mV. For 
1 .00 to 1 0.2 Vp-p range add ± 1 00 mV. 

Repeatability (24 hr.): ± 1 % of setting, ±10 mV. 
Flatness (50)*: With reference to 1 kHz at 5 Vp-p; 0.2 dB 
to 100 kHz, 1.5 dB to 12 MHz. 

DC Offset 

Range: DC or offset programmable from -5.1V to 
+ 5.1V into selected impedance ( - 10.2V to -l- 10.2V 
>50k£2). Absolute peak amplitude plus offset may not 
exceed 5.1V into selected impedance (10.2V into 
>50kQ). 

Resolution: 3 digits or 10 mV when absolute peak 
amplitude plus offset >0.5V, 3 digits or 1 mV when 
absolute peak amplitude plus offset <0.5V, 3 digits or 
0.1 mV when absolute peak amplitude plus offset <0.05V. 
Accuracy: dc function; ± 1 mV for <50 mV; ± 6 mV for 
>50 mV to <0.50V; ± 60 mV for >0.50V. 
Repeatability: ± 1 % of setting ± 20 mV. 

1 .2.7 Output Characteristics 
Func Out 

Source of primary waveforms. Peak output current is 
100 mA maximum with a standard source impedance 
of 50Q. Output is protected against a short circuit to any 
voltage between ± lOVdc. Includes internal fused pro- 
tection in the output conductor against accidental 
application of up to 250 Vac or 350 Vdc. Source 
impedance is selectable as 50, 75 or 600Q. 

TTL Out 

Output conductor is fuse protected against accidental 
output short circuits. Source impedance is 50Q. 

ECL Out 

Source impedance is 50Q into - 2V. Output is protected 
against short circuits into +1 to -5.2 Vdc. 

1.2.8 External Inputs 
VCG In(IOKQ) 

For external voltage control of generator frequency. (See 
Frequency Control). Except in the synthesizer mode, the 
VCG voltage, as well as programming, selects the 
generator frequency. Frequency may be programmed 
or ac-modulated (FM and sweep) by external 0 to + 1 2V 
signal. VCG input can change generator frequency 
1200:1 over each range, upper and lower frequencies 
limited to maximum and minimum of selected range (with 
20% overrange on upper limit). 

Signal bandwidth: 100 kHz maximum. 

Slew rate: 0.1 V/jus maximum. 

input impedance: lOkS. 



Trig In (TTL) 

For external TTL compatible input signals to trigger or 
gate the generator on in triggered and gated modes. 
Positive or negative edge triggering or high or low level 
gating is programmable. 

Signal pulse width: 50 nanoseconds minimum. 

Repetition rate: 5 MHz maximum. 

AM In (600Q) 

input for external ac signal to provide amplitude modula- 
tion (AM) or suppressed carrier modulation (SOM) 
envelope. The function generator waveform instan- 
taneous amplitude is a function of modulating signal. 
Peak amplitude plus offset at Func Out is still limited to 
± 10.2V open circuit (± 5.1 V into selected impedance). 
Amplitude Zero selection causes the carrier dc 
amplitude to be zero volts to provide SOM via the AM In 
(600Q) connector. Carrier suppression is initially at least 
40 dB (including carrier, modulator and both squared 
terms) and may be further improved to typically 70 dB 
carrier null at low frequencies using SOM NULL and Con- 
trol knob. 

Scale factor: 1 VA/ {>0.5 Vp amplitude) [i.e., ± 5V AM 
input will amplitude modulate a 5V carrier 1 00% (from 
10V to OV)]. Selectable to 0.1 VA/ or 0.01 V/V by pro- 
grammed amplitude. 

Input impedance: 600Q 



1.2.9 Waveform Characteristics 
Func Out 

Sine Distortion (THD at 10 Vp-p): Less than 0.5% from 
0.01 to 9.99 kHz; less than 1.0% from 10.0 kHz to 

99.9 kHz. 

No harmonics above: -40dBcfrom 100kHzto999kHz; 
- 27 dBc from 1 MHz to 12 MHz (50Q)*. 

Time Symmetry: ±1% of setting, ±8 ns. ±0.1% 
<1 kHz. 

Square Transition Time: <25 ns (50Q)*. 

Square Peak-to-Peak Aberrations: Less than 5 % at full 
amplitude (50Q)*. 

Triangle Linearity: 99% up to 100 kHz. 

TTL Out 

TTL compatible pulse with 50% duty cycle at pro- 
grammed frequency. Level is <0.4 to >2.0V into 50Q, 
<0.4 to >4.oy into >50kQ. Timing is concurrent with 
square function output and lags sine and triangle by 90° 
in all modes and up to 12 MHz. Above 12 MHz (in clock 
mode), the Function Cutput is quiescent and TTL output 
is at programmed frequency up to 32 MHz. TTL 
waveform has <10% peak aberrations into 50Q. 



1-3 




ECL Out 

Same characteristics as the TTL output, except that 
levels are ECL compatible when loaded by 50Q into - 2V. 
Waveform has <5% peak aberrations into 50Q. 

1.2.10 LCD Display 

2 lines of up to 16 alphanumeric characters. Viewing 
angle is adjustable. 

1.2.11 General 
Stability 

Amplitude, frequency (non-synthesized) and dc offset: 

After 30 minutes warm-up; ±0.1% of range for 10 
minutes and ± 0.5% of range for 24 hours. 
Frequency (Synthesized): ± 1 ppm/°C between 0°C and 
± 50°C. Crystal is 6.1 44mHz with 0.005% accuracyand 
aging rate of 20 ppm/year. 

Environmental 

Temperature: Specifications apply at 23°C ±5°C. 
Operates 0°C to ±50°C. -20°Cto ± 75°Cfor storage. 
Vibration: 5 to 55 Hz with maximum of 2g at 55 Hz. 
Shock: 30g, 1 1 ms half sine. 

Altitude: Sea level to 1 0,000 ft. for operation. Sea level 
to 40,000 ft. for storage. 

Relative Humidity: 95 % at up to 60°C for storage , 45 % 
at up to 50°C and 75% at up to 25°C at sea level (non- 
condensing) for operation. 

Dimensions 

21 1 mm (8.3 in.) wide, 85 mm (3.4 in.) high, 305 mm (1 2 
in.) deep. 

Weight 

4.0 kg (8.8 lb) net, 5.0 kg (1 1 lb) shipping. 



Power 

90 to 1 1 0, 1 05 to 1 25, 1 80 to 220, 21 0 to 250V selectable, 
48 to 66 Hz, less than 50 VA, 

Options 

001: GPIB Programming** 

IEEE 488-1978 compatible, Non-isolated, Double 
buffered. 

Address: 0-30 internal switch selectable. 

Subsets: SHI , AH1 , T6, TEO, L4. SRI , RL1 , PRO, DC1 , 
CO, El . 

002: RS-232C Serial Port:** 

Rear panel mounted DB-25 conector. 

Connector: DB-25 (female) with DCE or DTE con- 
figuration. 

Mode: Full Duplex (bi-directional) with CTS/DTR 
or XON/XOFF handshaking. 

Data Format: 8 bits, no parity, one stop bit. 

Data Rate: 14 step selectable (50, 75, 110, 134.5 
150, 200, 300, 600, 1200, 1800, 2400, 4800, 9600, 
19200). 

003: 75Q Function Output Impedance 
004: 600Q Function Output Impedance 



* Applicable when source and load impedances are 
5052 respectively. Higher source impedances 
(Options 003 and 004) will have derated high fre- 
quency characteristics. High frequency characteris- 
tics are also subject to variations due to output 
cable lengths. 

** “Factory installed’’ options only. 

All specifications apply for programmed amplitude of 

10 Vp-p into 5052. 
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SECTION b 
INITIAL PREPARATION 



2.1 UNPACKING INSPECTION 

After carefully unpacking the instrument, visually inspect 
all external parts for possible damage to connectors, sur- 
face areas, etc. If damage is discovered, file a claim with 
the carrier who transported the unit. The shipping con- 
tainer and packing material should be saved in case 
reshipment is required. 

2.2 ELECTRICAL INSTALLATION 
2.2.1 Power Connection 

WARNING 

To preclude injury or death due to shock, the 
third wire earth ground must be continuous 
to the faciiity power outlet. Before con- 
necting to the facility power outlet, examine 
extension cords, autotransformers, etc., 
between the instrument and the facility 
power outlet for a continuous earth ground 
path. The earth ground path can be identi- 
fied at the plug on the instrument power 
cord; of three terminals, the earth ground 
terminal is the nonmatching shape, usually 
cylindrical. 

CAUTION 

To prevent damage to the instrument, 
check for proper match of line and instru- 
ment voltage and proper fuse type and 
rating. 

Line Voltage 

Refer to table 2-1 to determine the proper selection of 
the line voltage connector. Unless otherwise specified 
at the time of purchase, this instrument was shipped from 
the factory with the power transformer connected for 
operation on a 1 1 5 Vac line supply and with a 1 /2 amp 
fuse. If the unit is shipped for 1 1 5 Vac operation, there 
will be no markings or tags on the unit. If the unit is 
shipped for 220 Vac operation, there will be a 220 Vac 



tag on the rear panel of the unit and a V4 amp fuse 
installed. 

2.2.2 Verifying the Line Voltage 

To verify the line voltage (or change the fuse), the 
operator must first remove the top and bottom covers. 
Remove the top and bottom covers using the following 
steps and figure 2-1 . 

CAUTION 

All calibration pots are located inside the 
bottom cover on the circuit board. Be 
careful not to change the setting of any 
potentiometers, as this may require a 
recalibration of the instrument. 

1. Remove two (2) screws holding top and bottom 
covers to rear panel. 

2. Slide both covers (together as a unit) to the rear and 
remove from the chassis assembly. 




Figure 2-1. Top and Bottom Cover Removal 



After the covers have been removed, the line voltage can 
be checked by viewing the voltage label through the in- 
spection hole as shown in figure 2-2. 
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Figure 2-2. Line Voltage Inspection Hole 



2.2.3 Fuse and Voltage Selection 

If the line voltage is not correct according to table 2-1 , 
perform the following steps and refer to figure 2-3 for 
step 1 , and figure 2-4 for steps 2 thru 4 to change the 
line voltage and fuse. 

1 . Remove two screws holding guard plate to the rear 
panel. 




2. Remove the voltage selector connectors from the 
ac primary board. Rotate the connector or connec- 
tors until the correct voltage selector indicator is on 
top. 

3. Reinstall the voltage selector connectors. 

4. Remove the fuse and install new fuse as called out 
In table 2-1 . 



VOLTAGE SELECTOR 




Table 2-1. Voltage/Fuse Selection 


Connector 


Voltage 




Position 


Range 


Fuse 


1 1 5V LO 


goto 110 Vac 


1/2 amp Slo-Bio 


115V HI 


105 to 125 Vac 


1/2 amp Slo-Blo 


220V LO 


180 to 220 Vac 


1/4 amp Slo-Blo 


220V HI 


210 to 250 Vac 


1 /4 amp Slo-Blo 



WARNING 

Because lethal voltages are exposed, do not 
apply ac power to the unit until the guard 
plate is attached to the unit. 

Reassembly 

Refer to figure 2-5 for steps 1 thru 3 and figure 2-6 for 

steps 4 thru 6. 

1 . Align the guard plate and check the routing of all 
wires to prevent pinching wires between the 
transformer and guard plate. 

2. Verify that the power rod extends through the front 
panel slot, the circuit board seats correctly in the 
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power supply panel slot, and the wires are routed 
correctly. 

3. Align the guard piate with the rear panei and then 
secure with two screws. 



FRONT PANEL 
POWER ROD SLOT 




Figure 2-5. Rear Chassis Assembly 



4. Turn the instrument upside down, position the 
bottom cover over the guard shieid, and then siide 
the bottom cover forward approximateiy two (2) 
inches whiie engaging the top cover shieid siides 
(see figure 2-6, detail A) and the outside siide raiis 
(see figure 2-6, detaii B). 

5. Turn the instrument right side up. I nstall the top cover 
using the same procedure as in step 4. 

6. Align the rear of both the top and bottom cover with 
each other so that the cover interiocks are properiy 
mated. Once mated, hold the covers firmly together 
snd s!ld6 th6 chsssls ssssmbiy into top snd bottom 
covers. 

CAUTION 

When sliding on the bottom cover, avoid 
pinching any coaxial cables located near 
the front panel. 

7. Secure covers to unit using two screws as shown 
in figure 2-1 . 






Figure 2-6. Top and Bottom Cover Installation 



2.2.4 Signal Connections 

Use RG58U 50Q coaxial cables equipped with BNC con- 
nectors to distribute signals when connecting this instru- 
ment to associated equipment. 

NOTE 

Signal ground may be floated up to ± 42V 
with respect to chassis ground. Be aware that 
all signal grounds are common and must all 
be floated together. 
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2.2.5 GPIB interface Connections 

The GPIB (Option 001) I/O rear panel pin connections 
and signal names are given in table 2-2. The panel con- 
nector is an Amphenol 57-1 0240 or equivalent and con- 
nects to a GPIB bus cable connector (available from 
Wavetek in 1 and 2 meter lengths). 

NOTE 

The terms “GPIB” and “IEEE-488” are used 
interchangably in this manual. 

Tabie 2-2. GPiB Data in/Out 



Pin 



Signai 



1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 



DI01 

DI02 

DI03 

DI04 

EOl 

DAV 

NRFD 

NDAC 

IFC 

SRQ 

ATN 

Chassis 

Ground 

DI05 

DI06 

DI07 

DI08 

REN 



22 

23 

24 



I 

1 



True When Low 



True When High 



True When Low 



True When Low 



Signal Gnd 



2.2.6 GPiB Address 

For OPT 001 instruments on the General Purpose Inter- 
face Bus (GPIB), ensure that the instrument GPIB 
address is correct. The GPIB address can be changed 
by the internal switch (figure 2-7) or the front panel 
STATUS key (rotate knob when GPIB ADRS isdisplayed). 
(See figure 2-1 for cover removal, 2-6 for installation.) 

The switch sections are labeled from 1 through 5 and 
their OPEN position noted (OPEN - Binary "0” in table 
2-3). To verify the address, press STATUS on the front 
panel. The device number (decimal) will be displayed. 
Upon power-up, the address is always that of the inter- 
nal switch. 



ADDRESS BIT 




Device 


ASCii 


Switch 

Position 


Hexa- 

decimai 


Listen 


Taik 


1 


2 


3 


4 


5 


Listen 


Taik 


0 


(space) 


@ 


0 


0 


0 


0 


0 


20 


40 


1 


! 


A 


1 


0 


0 


0 


0 


21 


41 


2 




B 


0 


1 


0 


0 


0 


22 


42 


3 


# 


C 


1 


1 


0 


0 


0 


23 


43 


4 


$ 


D 


0 


0 


1 


0 


0 


24 


44 


5 


% 


E 


1 


0 


1 


0 


0 


25 


45 


6 


& 


F 


0 


1 


1 


0 


0 


26 


46 


7 




G 


1 


1 


0 


0 


0 


27 


47 


8 


( 


H 


0 


0 


0 


1 


0 


28 


48 


9 


) 


1 


1 


0 


0 


1 


0 


29 


49 


10 


* 


J 


0 


1 


0 


1 


0 


2A 


4A 


11 


-1- 


K 


1 


1 


0 


1 


0 


2B 


4B 


12 


, 


L 


0 


0 


1 


1 


0 


20 


40 


13 


— 


M 


1 


0 


1 


1 


0 


2D 


4D 


14 




N 


0 


1 


1 


1 


0 


2E 


4E 


15 


/ 


0 


1 


1 


1 


1 


0 


2F 


4F 


16 


0 


P 


0 


0 


0 


0 


1 


30 


50 


17 


1 


Q 


1 


0 


0 


0 


1 


31 


51 


18 


2 


R 


0 


1 


0 


0 


1 


32 


52 


19 


3 


S 


1 


1 


0 


0 


1 


33 


53 


20 


4 


T 


0 


0 


1 


0 


1 


34 


54 


21 


5 


U 


1 


0 


1 


0 


1 


35 


55 


22 


6 


V 


0 


1 


1 


0 


1 


36 


56 


23 


7 


W 


1 


1 


1 


0 


1 


37 


57 


24 


8 


X 


0 


0 


0 


1 


1 


38 


58 


25 


9 


Y 


1 


0 


0 


1 


1 


39 


59 


26 




Z 


0 


1 


0 


1 


1 


3A 


5A 


27 




[ 


1 


1 


0 


1 


1 


3B 


5B 


28 


< 


\ 


0 


0 


1 


1 


1 


30 


50 


29 


— 


] 


1 


0 


1 


1 


1 


3D 


5D 


30 


> 




0 


1 


1 


1 


1 


3E 


5E 



NOTE Address 31 is not allowed. 
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2.2.7 The RS-232 Connector 

The RS-232-C I/O rear panel pin connections and signal 
names are given in table 2-4. The panel connector is a 
DB-25 female connector (see figure 2-8) and will con- 
nect to a standard RS-232-C cable (interface type E). The 
data format is an 8-bit, no parity, one stop bit. 



Table 2-4. RS-232 Data In/Out 



Pin 


Name 


Direction (DCE 
Configuration) 


Direction (DTE 
Configuration) 


2 


TXD' 


IN 


OUT 


3 


RXD2 


OUT 


IN 


4 


RTS3 


N/C 


OUT 


5 


CTS" 


OUT 


IN 


6 


DSR5 


OUT 


IN 


7 


SIG GRD 


— 


— 


8 


RLSD® 


OUT 


IN 


20 


DTR 


IN 


OUT 



(Remaining Pins Not Connected) 

'Transmit Data 
^Receive Data 
•^Request to Send 
"Clear to Send 
^Data Set Ready 
^Receive Line Signal Detect 

The baud rate is selectable from those listed in table 2-5 
using dip switch SW1 (figure 2-9). 




Figure 2-8. RS-232-C Connector Pinouts 



2.2.8 Connecting the RS-232-C Interface 

Before connecting the Model 23 RS-232-C interface, the 
correct configuration (DCE or DTE) must be selected and 
the internal ribbon cable connected to either the DCE 
or DTE location (figure 2-9) on the RS-232-C option board. 

To determine which configuration is correct obtain the 
manual for the system controller/computer. This device 
must have a DB-25 RS-232-C connector. 

1 . Determine if the controller is a DCE device or a DTE 
device. If this is not explicitly spelled out you will need 
to look at the pin out for its connector. If pin 2 is the 
data output, the device is a DTE (most computers). 
If pin 3 is the data output, the device is a DCE (most 
modems). Configure the Model 23 as the opposite 
type of device by connecting the internal option 
cable to the appropriate header (figure 2-9). (See 
figure 2-1 for cover removal, 2-6 for installation.) 

2. In most cases a straight through cable can be used 
to connect the Model 23 with the other device. The 
Model 23 only requires the connection of pins 2, 3, 
5, 7, and 20 but the other device may require more. 
Examples of typical cable assemblies are shown in 
figure 2-1 0. However, there are many interpretations 
of the RS-232-C standard and either of the following 
procedures (A or B) should be used to ensure that 
the control and handshake signals are properly 
connected. 

a. If the Model 23 is configured as a DCE then; 

(1) Pin 7 is always straight through. 

(2) Pins 2 and 3 are connected straight through 
if DCE/DTE configuration is correct. 

(3) Pin 5 of the Model 23 will need to be con- 
nected to an input of the other device that 
will enable and disable the character 
transmission from that device. If the other 
device does not support this, XCN/XCFF 
handshaking will need to be used and pin 5 
can be left disconnected. 

(4) Pin 20 of the Model 23 should be connected 
to an output pin on the other device that 
indicates when it is ready to accept data. 

If th0 nth0r H0\yjr0 rjo6S HOt h 3 V 6 SUCh 3 pin 

but is always ready, it can send XCFFsand 
XCNs to indicate readiness. When using this 
method, or if the other device is always 
ready to accept data, this pin can be con- 
nected to an always positive pin on the other 
device or to pin 6 or 8 on the Model 23. 

(5) Pins 6 and 8 are always positive when the 
power is On. They can be connected to any 
pins on the other device that must be held 
positive. 
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b. If the Model 23 is configured as a DTE then; 

(1 ) Pin 7 is always connected straight through. 

(2) Pins 2 and 3 are connected straight through 
if DCE/DTE configuration is correct. 

(3) Pin 20 of the Model 23 will need to be con- 
nected to an input of the other device that 
will enable and disable the character 
transmission from that device. If the other 
device does not support this, XON/XOFF 
handshaking will need to be used and this 
can be left disconnected. 

(4) Pin 4 is always positive when the power is 
On and can be connected to any pin on the 
other device that must be held positive. 

(5) Pins 6 and 8 are properly terminated inputs 
but have no function. 

(6) Pin 5 tells the Model 23 that the connected 
device is ready to receive data. If the other 
device is always ready, pins 4 and 5 of the 
Model 23 may be connected together. 

NOTE 

Any pins not mentioned in the previous iistare 
not connected in the Modei 23 and therefore 
can be connected to anything if the connec- 
tions are already present in the cable. 

3. The handshaking method is front panel selectable 
as CTS/DTR (Clear to Send/Data Terminal Ready) 
(hardware) or XON/XOFF (Data Transfer On/Data 
Transfer Off. 

4. Set the baud rate on the Model 23 to the highest rate 
that is available on both the Model 23 and the con- 
troller/computer. This is done by setting the dip 
switches (figure 2-9) according to table 2-5. 




DTE/DCE Connections 



Table 2-5. RS-232-C Baud Rate Codes 



Baud Rate 


SW1- 


4 


3 


2 


1 


*9,600 


1 


0 


0 


0 


4,800 


1 


0 


0 


1 


2,400 


0 


1 


1 


1 


1,800 


1 


0 


1 


0 


1,200 


1 


0 


1 


1 


600 


0 


1 


1 


0 


300 


1 


1 


0 


1 


200 


0 


1 


0 


1 


150 


1 


1 


1 


0 


134.5 


0 


1 


0 


0 


110 


1 


1 


1 


1 


75 


0 


0 


1 


1 


50 


0 


0 


1 


0 



0 = Closed = On 

1 = Open - Off 

‘This is the factory set position. 



NOTE 

1 . SW1-5 should always be OPEN. 

2. Factory connector configuration is DOE. 



5. Configure the controller/computer for the same baud 
rate as in step 4, 1 stop bit, 8 data bits, and no parity. 

2.3 INITIAL CHECKOUT PROCEDURE 

The checkout procedure in table 2-8 is to be used only 
as a receiving inspection or post-repair checkout. The 
procedure verifies functional operation of this instrument 
but does not verify the calibration. The frequencies 
shown are typical values and should be used only as a 
guide. Required tools and test equipment are given in 
table 2-6. 

The checkout procedure must be used starting with the 
first step and continuing through to the last step. Do not 
move or change any control or switch unless specifically 
instructed to do so by the procedure. If a step instructs 
you to press a switch until the annunciator points left or 
right, or to a specific display name, do so by pressing 
once, observing the display, and if required, pressing if 
again until the proper indication is obtained. Remember, 
each step in the procedure is dependent on the 
proceeding step for the correct position of all controls 
and switches, (Refer to section 3 for descriptions of the 
controls.) 
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IBM-PC 



APPLE II WITH SUPER SERIAL CARD 
IN COMMUNICATIONS MODE 



MODEL 23 MODEL 23 




DB-25 DB-25 DB-25 DB-25 

FEMALE MALE MALE MALE 



MODEL 6000 APPLE MACINTOSH 

MODEL 23 MODEL 23 

(DOE) MACINTOSH (DTE) 




DB-25 DB-25 DE-9 DB-25 

MALE MALE MALE MALE 



Figure 2-10. Typical Examples of Serial Cables 
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Prior to starting the checkout procedure, connect an 
oscilloscope and frequency counter to the Model 23 as 
shown in figure 2-1 1 . Set the test equipment controls as 
indicated in table 2-7. 



Table 2-6. Test Equipment and Tools 



Instrument 


Comments 


Oscilloscope 


Bandwidth: 100 MHz 


Freq Counter 


Frequency: > 50 MHz 
Sensitivity: >30 mV 


50Q Feedthrough 


Accuracy: 0.5% 
Power: 2W 


BNC Tee 


1 Male, 2 Female 
connectors 


BNC Coax Cable 


RG58U, 3 ft. length (2 ea) 



Table 2-7. Test Equipment Setup 
Step Equipment Position/Operation 

1 Oscilloscope Power Switch: ON 
Vert Input: CHI or 2 
Vert Position: Center Trace 
Vert Coupling: DC 
Vert Sensitivity: .5 V/DIV 
Horiz Position: Center Trace 
Horiz Sweep: .2 ms/DIV 
Trig Level: (-t-) Positive 
Trig Polarity: ( -l- ) Positive 
Trig Mode: Auto 
Trig Coupling: AC 
Trig Source: Internal 







XI 0 Mag: Out (Off) 

Other Controls: As required 


2 


Freq. Counter 


Mode: Frequency 
Trigger Level: As required 



OSCILLOSCOPE 





Figure 2-1 2. Check Frequency Output Setup 
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Table 2-8. Checkout Procedure 



Step 


Control/Switch 


Position/Operation 


Observation 


1 


Power 


On (Position vertical thumb- 
wheel for best display.) 


Display will indicate settings that were 
stored in memory. 


2 


Reset 


Press Once 


Display indicates: 

FREQ 10.00 KHZ -e 

CONi SINE 


3 


Control knob 


Rotate CCW until the display 
reads 999 Hz. 




4 


Mode-Func 


Press once or twice to have 
annunciator arrow (<) point to 
the "Mode” section of the 
display. 




5 


switch 


Press one or more times until 
SYNTH appears in the 
"Mode” section of the 
display. 




6 


Amplitude 


Press one time 


Display annunciator (■<) will point to the 
"Amplitude” section of the display. 


7 


Control knob 


Rotate CCW until display 
reads 1 .00 Vp-p. 


Verify that the oscilloscope displays approxi- 
mately 2 cycles of a sine wave with an 
amplitude of 1 Vp-p. 


8 


Mode-Func 


Press two times 


Display annunciator (◄) will point to the 
“Waveform” section of the display. 


9 


► switch 


Press one time 


Verify that the display reads "SQUARE”, the 
oscilloscope displays a square wave, and the 
frequency counter reads below 1 kHz. 


10 


► switch 


Press one time 


Verify that the display reads "TRIANGLE”, 
the oscilloscope displays a triangle wave, 

ai iu 11 lo 1 1 c7<c|UOi loy o<juikc;i i c;o\jo l^oiwvv 

1 kHz. 


11 


1 

1 ► switch 

i 

i 

! 


Press one time 


Verify that the display reads "RMP UP”, the 
oscilloscope displays a positive-going ramp 
waveform, and the frequency counter reads 
below 1 kHz. 
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Table 2-8. Checkout Procedure (Continued) 



Step 


Control/Switch 


PositionfOperation 


Observation 


12 


► switch 


Press one time 


Verify that the display reads “RMP DN”, the 
oscilloscope displays a negative-going ramp 
waveform, and the frequency counter reads 
below 1 kFIz. 


13 


► switch 


Press one time 


Verify that the display reads “DC”, the 
oscilloscope displays a 0.0 Vdc baseline, and 
the frequency counter reads all zeroes. 


14 


Offset 


Press one time 




15 


Control knob 


Rotate CW until display reads 
1 ,00V. 


Verify that the oscilloscope baseline is 
approximately -FIV. 


16 




Rotate COW until display 
reads - 1 ,00V. 


Verify that the oscilloscope baseline is 
approximately - IV. 


17 


Zero 


Press one time 


Display and oscilloscope show zero volts 
offset. 


18 


Mode-Func 


Press one time 


Display annunciator (*<) will point to the 
“Waveform" section of the display. 


19 


► switch 


Press one time 


Verify that SINE appears in the “Waveform" 
section of the display. 


20 


Mode-Func 


Press one time 


Verify that the annunciator (◄) points to the 
“Mode” section of the display and the word 
SYNTFI appears. 


21 


► switch 


Press three times 


Verify that the annunciator (◄) points to the 
“Mode” section of the display and the word 
GATED appears. 


22 


Trigger 


Press and hold. 


Verify that the oscilloscope displays a sine 
waveform only during the time that the Trig- 
ger switch is pressed and held in. 


23 


switch 


Press one time 


Verify that the annunciator (◄) points to the 
“Mode” section of the display and the word 
TRIG appears. 



Set oscilloscope TRIG MODE to NORM and increase the intensity as required. 



2-10 



Table 2-8. Checkout Procedure (Continued) 



Step 


Control/Switch 


Position/Operation 


Observation 


24 


Trigger 


Press as required 


Oscilloscope will display a single cycle of 








sine wave each time the Trigger switch is 








pressed. 



Disconnect oscilloscope cable from Func Out connector. Connect frequency counter to the TTL Out connector as 
shown in figure 2-12. 



25 


◄ switch 


Press three times 


Verify that the annunciator (◄) points to the 
“Mode” section of the display and the word 
CLOCK appears. 


26 


Freq/Per 


Press one time 




27 


Control knob 


Rotate CW until the display 


Verify that the frequency counter reads 






reads 32 MHz. 


approximately 32 MHz. 



Disconnect the frequency counter cable from the TTL Out connector and connect to the ECL Out connector. 



28 



Verify that the frequency counter reads 
approximately 32 MHz. 
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SECTION 
OPERATION 



3.1 INTRODUCTION 

This section describes the operation of the Model 23. 
The first part describes the controls and connectors; the 
remaining part describes how to use the various func- 
tions, modes and remote options. 

3.2 CONTROLS AND CONNECTORS 

The front panel controls and connectors are shown in 
figure 3-1 and keyed (bold numbers) to the following 
descriptions. 

1 Display (See figure 3-2). This display will read out 
simultaneously up to three generator display func- 
tions depending on which switches have been 
pressed. An annunciator arrow appears to the right 
of the selected display function to indicate the func- 
tion under immediate control. Moving the 
annunciator arrow allows other display functions 
to be selected and controlled. 



ANNUNCIATOR FREQUENCY 




FREQUENCY, MODE, AND WAVEFORM DISPLAY 
(MODE SELECTED) 







/■ 




•••. •- *•••• • 

HPlrL 








1 iPsT 


0»00 U 






— \ 



AMPLITUDE AND OFFSET VOLTAGE DISPLAY 
(AMPLITUDE VOLTAGE SELECTED) 

Figure 3-2. Display Indications 



2 Viewing Control. This control allows the user to 
adjust the viewing angle of the LCD to optimize 
display legibility. 

3 Freq/Per Switch. This switch will cause the display 
to show the generator output either in frequency 
or in time period. If frequency display is selected, 
then pressing the Freq/Per switch a second time 
will cause the display to show the output as a time 
period. Generator output frequency/period can 
only be changed if the annunciator arrow is point- 
ing to the frequency or time period. 

4 Mode-Func Switch. Pressing this switch causes 
the annunciator arrow to select either the 
generator mode or the output waveform. If the 
generator mode was displayed first (annunciator 
pointing to the left), pressing the switch a second 
time will select the output waveform. The opposite 
is also true if the output waveform was displayed 
first (annunciator pointing to the right). The 
generator mode or output waveform can only be 
changed while it is selected. 

5 Amplitude Switch. When the amplitude switch is 
pressed, it selects the amplitude function of the 
display. Pressing the amplitude switch one, two, 
or three more times allows the amplitude to be 
displayed in Vpp, Vp, Vrms, or in dBm. The 
generator output amplitude can be changed only 
while the annunciator arrow is pointing to the 
display amplitude function. 

6 Offset Switch. This switch selects the offset 
voltage function and displays it on the LCD display. 
The offset voltage can be changed only while the 
annunciator arrow is pointing to the display offset 
function. When the zero switch is pressed (after 
OFST is selected) the offset is zeroed out (O.OOV). 

7 Control Knob Allows the user to manually change 
any of the values or conditions of the selected 
display function. The frequency, period, amplitude, 
mode, function, offset voltage, and trigger slope 
can ail be changed by rotating the control knob. 
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8 Power Switch. This switch turns the instrument 
On or Off . At power-up the instrument initializes to 
the conditions existing when the instrument was 
last powered-down. 

9 Func Out Connector. This BNC connector is 
the main output for sine, square, triangle, up ramps, 
down ramps, and dc waveform. The output fre- 
quency range of this connector is 10 mHz to 12 
M Hz (down to 1 00 pHz in external VCG control). The 
maximum voltage output amplitude is 1 0 Vp-p into 
a 50Q load (20 Vp-p into open circuit). Standard 
source impedance is 50Q with 75Q and 600Q as 
options. This connector is not functional above 
12 MHz and is internally fuse protected against 
accidental application to high voltage. 

10 Status Switch. Allows one switch operation 
to check frequency, period, mode, function, 
amplitude, offset, trigger slope, battery condition, 
interface option if installed and its version. Each 
time the status switch is pressed a different display 
is presented until all have been monitored. 

11 ECL Out Connector. This output (0.1 mHz to 
32 MHz) is an ECL square wave at the frequency 
of the generator. No other waveforms are available 
from this connector. The display annunciator arrow 
must indicate CLOCK mode for frequencies above 
1 2 MHz. This output is protected against short cir- 
cuits into -E 1 to -5.2 volts. 

12 Right Arrow Switch (^). 



Display Annunciator 
Pointing To: 


^ Switch Steps 
Through: 


Any mode 


Each mode 


Any waveform 


Each waveform 


Any frequency 


Each decade range 


Any amplitude 


Each decivolt range 


Any offset 


Each decivolt range 


Any frequency in 


Each decade range of 


VCG operation 


frequency and each 
decade range of VCG 
rate 


Any SCM null 


Each decade range of 
AM rate 



NOTE 

With Option 001 or 002 installed, refer to 
paragraph 3.4.3. 



13 TTL Out Connector. The output (0.1 mHz to 32 
MHz) from this connector is a TTL square wave at 
the frequency of the generator. No other 
waveforms are available from this connector. The 
display annunciator arrow must indicate CLOCK 
mode for frequencies above 12 MHz. The output 
is internally fuse protected against external short 
circuits. 



14 Left Arrow Switch (*<). This switch performs the 
same operations as the right arrow switch except 
that the display changes are performed in the 
reverse order. 



1 5 Zero Switch. The zero switch performs the follow- 
ing functions: 

• If frequency or period are selected, sets the in- 
strument for VCG operation by setting the zero- 
FM frequency, the input sensitivity for the VCG 
input connector, and extending the bottom fre- 
quency by 2 decades. 

• Zeroes the dc offset voltage if offset is selected. 

• If amplitude is selected. Suppressed Carrier 
Modulation (SCM) operation and sets the output 
amplitude to zero. 



1 6 AM in (600Q) Connector. This connector inputs an 
ac signal for amplitude modulation (AM) or for 
Suppressed Carrier Modulation (SCM). For AM 
operation, a ±5V input will modulate a carrier 
100% (amplitude 5 Vp-p and ext AM 10 Vp-p). The 
AM scale factor depends on the output attenuator 
range. For SCM operation, the zero switch will set 
the carrier dc amplitude to zero volts. 

1 7 Slope Switch. This switch alternates the selection 
of the positive-going or the negative-going portion 
of the trigger input waveform for generator trigger- 
ing or gating. 

1 8 Trig in (TTL) Connector. This connector accepts 
a programmable or negative TTL level input (t^) to 
trigger or gate the generator output as shown in 
figure 3-3. When triggered, the generator produces 
one complete cycle for each trigger input. When 
gated, the generator produces continuous cycles 
until the gate signal (t 2 ) is removed. The last cycle 
started is always completed (tg). The negative- 
going edge of the TTL input will end gated 
operation. 
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Figure 3-3. Output Waveforms 



19 Trigger Switch. (See figure 3-3) In the triggered 
mode, pressing this switch manually initiates a 
single cycle of waveform each fime it is pressed, 
i n the gated mode, the trigger switch gates the out- 
put on until the switch is released. The last 
waveform cycle started while the switch is being 
pressed will be completed. If Option 001 or 002 is 
installed, see paragraph 3.4.2. 
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VCG In (10KQ) Connector (See figure 3-4). This 
connector inputs an external voltage to control the 
generator frequency for sweep or FM operation. 
Operation is limited to the front panel selected or 
preprogrammed frequency range. Input control 
voltages are limited to positive voltages between 
0 and -t- 1 0 Vdc (-1-12 Vdc on top range) or a 1 0 Vp- 
p rnaximum voltagG CGntBrGu at -h 5Vdc (1 2 Vp-p 
centered at 6 Vdc for the top range). Posit ive-goi ng 
voltage levels increase the frequency, while 
negative-going inputs decrease the frequency. Fre- 
quency excursions of 1000:1 (1200:1 on the top 
range) are possible in each of the frequency 
ranges. If the zero switch is pressed, the nine 
standard frequency ranges are down-shifted by 2 
decades allowing a VCG bottom control range of 
1 00 nHz. Input impedance is 1 0kQ and maximum 
slew rate is O.IV/^iS. 



Reset Switch. This switch resets all of the 
generator operating conditions to a preselected set 
of values as follows: 



Frequency 

Mode 

Waveform 

Amplitude 

Offset 

Slope 



10.0 kHz 
Continuous 

Sine 

5.00 Vp-p 
O.OOV 

Positive 



3.3 OPERATION 

Perform the initial checkout procedure in Section 2 for 
a feel of the instrument. Information concerning in- 
dividual controls and connectors may be found in 
paragraph 3.2. Output waveforms are shown in figure 
3-3. 

During the following set-up, the test equipment controls 
may have to be adjusted. 




Figure 3-4. Sweep and FM Relationships 
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3.3.1 Signal Termination 

Proper signal termination, or loading, of the generator 
connectors is necessary for its specified operation. 
Figure 3-5 shows proper termination of the Func Out con- 
nector with standard 50Q output impedance. Placing the 
50Q terminator, or 50Q resistance, in parallel with a 
higher impedance, matches the receiving instrument 
input impedance to the coax characteristic and 
generator output impedance, thereby minimizing signal 
reflection or power loss on the line due to impedance 
mismatch. Termination of the ECL output connector 
must be 50 ohms into a - 2 volts. 



RECEIVING 

MODEL 23 INSTRUMENT 





3.3.2 Continuous Operation 

The Model 23 generator will supply a continuous 
waveform at a fixed frequency as set by the operator, 
remotely programmed, or by the VCG input connector. 
This waveform can be sine, triangle, or square wave 
(up/down ramps also available below 1 kHz). A dc offset 
is also available for use with these waveforms. To 
demonstrate continuous operation, connect the Model 
23 as shown. 



OSCILLOSCOPE 




Set the Model 23 controls and the oscilloscope controls 
as follows: 

Model 23 Oscilloscope 

Power: On Vert Input: 2 V/DIV 

Reset: Press once Vert Coupling: DC 

Horiz Sweep: .1 ms/DIV. 
Trig Mode: AUTO 
Trig Coupling: AC 
Trig Source: NORM 

The oscilloscope will display a 1 0 kHz, 5 Vp-p continuous 
sine waveform as shown in the following illustration. The 
frequency can be stepped down (using the left arrow 
switch) to 10 mHz or up (using the right arrow switch) 
to 1 0 MHz. The frequency can be continuously adjusted 
between 10 mHz and 12 MHz using the Control knob. 



Figure 3-5. Signal Termination 



The impedances of the generator input and output con- 
nectors are: 



Connectors Impedance 

Func Out 50, 75, or 600Q (Internal jumper 

selectable or purchased option) 
ECL Out ' ' 50Q 

TTL Out 50Q 

AM In (600Q) 600Q 

Trig In (TTL) One TTL Load 

VCGIn(IOKQ) lOkQ 
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3.3.3 Triggered Operation 

The Model 23 produces a single complete waveform 
cycle each time it is triggered. The Model 23 can be trig- 
gered by using the T rigger switch on the front panel, by 
an external trigger signal input at the Trig In (TTL) con- 
nector, or by an interface bus command. If a positive trig- 
ger slope is selected, the generator is triggered when 
the switch is pressed. If a negative slope is selected, the 
generator is triggered when the switch is released. All 
waveforms may have a dc offset as in continuous mode. 

To demonstrate external trigger operation, connect the 
instruments as follows. 
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3.3.4 Gated Operation 

A gated generator produces a continuous output 
waveform for the duration of the gate trigger signal . The 
Model 23 can be gated by manual control using the front 
panel T rigger switch or by means of an external gate trig- 
ger at the Trig In (TTL) connector. 

To demonstrate external gated operation, connect the 
instruments as shown. 
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Set the Model 23 controls and the test equipment con- 
trols as follows: 



Set the Model 23 controls and the test equipment con- 
trols as follows: 

Model 23 
Power: On 
Reset: Press once 
Mode: TRIG 
Trig Slope: NEG 



Trigger Source 

Frequency: 1 kHz 
Waveform: Square 
Amplitude: 0 to -l- 2.5V (TTL Levels) 

The oscilloscope will display a single cycle of a 1 0 kHz, 
5 Vp-p sine wave each time the trigger waveform goes 
negative as shown. 




Oscilloscope 

Vert Input CHI: 1 V/DIV 
Vert Input CH2: 2 V/DIV 
Vert Coupling: DC 
Horiz Sweep: .2 ms/DIV 
Trig Mode: AUTO 
Trig Coupling: AC 
Trig Source: CHI 



Model 23 

Power: On 
Reset: Press once 
Mode: GATED 
Trig Slope: NEG 



Trigger Source 

Frequency: 1 kHz 
Waveform: Square 
Amplitude: 0 to H- 2.5V (TTL Levels) 



The oscilloscope will display approximately six complete 
cycles of a 10 kHz, 5 Vp-p sine wave each time the gate 
trigger waveform goes negative as shown. 




Oscilloscope 

Vert Input CHI: 1 V/DIV 
Vert Input CH2: 2V/DIV 
Vert Coupling: DC 
Horiz Sweep: .2 ms/DIV 
Trig Mode: AUTO 
Trig Coupling: AC 
Trig Source: CHI 
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3.3.5 Synthesized Operation 

The Model 23 synthesized mode provides the same 
waveforms and frequency ranges as does the con- 
tinuous mode. In the synthesized mode the frequency 
resolution is increased to 4 digits and the accuracy is 
increased to 0.005% (50 ppm). The synthesized mode 
wiii suppiy a continuous waveform at a fixed frequency 
as set by the operator, or programmed by the GPI B. This 
waveform can be sine, triangle, or square wave (up/down 
ramps also available below 1 kHz). A dc offset is also 
available for use with these waveforms. To demonstrate 
synthesized operation, connect the Model 23 with the 
indicated test instruments as shown. 



OSCILLOSCOPE 




Set the Model 23 controls and the test oscilloscope con- 
trols as follows: 



Modei 23 

Power; On 
Reset: Press once 
Mode: SYNTH 



Oscilloscope 

Vert Input: 2 V/DIV 
Vert Coupling: DC 
Horiz Sweep: .2 ms/DIV. 
Trig Mode: AUTO 
Trig Coupling: AC 
Trig Source: NORM 



The oscilloscope will display a 10kHz, 5 Vpp continuous 
sine waveform as shown in the following illustration. The 
frequency can be stepped down (using the left arrow 
switch) to 10 mHz or up (using the right arrow switch) 
to 1 0 MHz. The frequency can be continuously adjusted 
between 1 0 mHz and 1 2 MHz using the Control knob. 




3.3.6 Clock Mode Operation 

In clock mode the function out signal is absent, but the 
two system square outputs are present as before but in 
an extended frequency range. The TTL Out connector 
(TTL level square wave) and the ECL Out connector (ECL 
level square wave) are both available in this mode over 
a range of 10 mHz to 32 MHz. 

To demonstrate the clock mode of operation, connect 
the Model 23 and the oscilloscope as shown. 
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Set the Model 23 controls and the oscilloscope controls 
as follows: 



Model 23 

Power; On 
Reset: Press once 
Mode: CLOCK 



Oscilloscope 

Vert Input: 1 V/DIV 
Vert Coupling: DC 
Horiz Sweep: 50 ^<s/DIV. 
Trig Mode: AUTO 
Trig Coupling: AC 
Trig Source: NORM 



The oscilloscope will display a TTL output square wave 
(1 0 kHz at approximately 2 Vp-p) as shown below. The 
output frequency can be varied in steps (using the left 
or right arrow switches) or continuously (using the Con- 
trol knob). 
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Remove the coaxial cable from the Model 23 TTL Out 
connector and reconnect to the ECL Out connector. Set 
the oscilloscope vertical inputtoO.1 V/DIV. Readjust the 
vertical centering if necessary. The oscilloscope will 
display an ECL output square wave (1 0 kHz at approxi- 
mately 0.2 Vp-p) as shown in the following illustration. 
The ECL Out square wave will not be at ECL levels dur- 
ing this demonstration unless the output is fed into a - 2 
volt load as in ECL circuits. The waveform shape is 
representative of the normal ECL loaded output. The out- 
put frequency can be varied in steps (using the left or 
right arrow switches) or continuously (using the Control 
knob). 




3.3.7 Voltage Controlled Generator (VCG) Operation 

VCG is an external electronic means of controlling the 
frequency of the generator. Applying dc voltage levels 
of up to 0 to -I- 10V (4- 12V on the top range) or ac signals 
of up to 1 0 Vp-p (1 2 Vp-p on the top range) at the VCG 
In BNC allows the generator to be swept (up or down in 
frequency) or frequency modulated. 



NOTE 

Excessive VCG input voltsge mey CQuse 
nonlinear operation when the generator 
attempts to exceed the range limits. 



3. 3.7.1 ‘Zero’ Frequency 

In continuous, triggered or gated modes and with fre- 
quency selected, the zero switch will set the frequency 
to the bottom of the current range for 1000:1 VCG change 
(1200:1 on top range only). The ranges are as follows: 



Specified Range* Lowest Obtainable VCG 
(Programmable Portion) or “Zero” Frequency 



12.00 MHz to 1.00 MHz 


10 kHz 


999 kHz to 100 kHz 


1 kHz 


99.9 kHz to 10.0 kHz 


100 Hz 


9.99 kHz to 1.00 kHz 


10 Hz 


999 Hz to 100 Hz 


1 Hz 


99.9 Hz to 10.0 Hz 


100 mHz 


9.99 Hz to 1 .00 Hz 


10 mHz 


999 mHz to 100 mHz 


1 mHz 



*See range limitations of each waveform given 
in section 1. 



Frequency Zero is selected by pressing the Freq/Per and 
Zero keys. The generator frequency sets the ‘Zero’ fre- 
quency which is shown on the top line of the front panel 
display. The second line shows the frequency change 
per applied volt at the VCG In connector. For example, 
if the generator frequency is 5.00 kHz, the specified 
range is 9.99 kHz to 1 kHz (row 4 in the chart), the ‘Zero’ 
frequency is 1 0 Hz and frequency will vary at a rate of 
1 kHz per volt at the VCG In connector. Once in the ‘Zero’ 
frequency mode, the generator frequency range, and 
rate of change can still be modified by pressing one of 
the front panel arrows or turning the knob. 



NOTE 

Because range changing is automatic when 
using the arrows or knob, you may inadver- 
tently change the range in which you wish to 
VCG. 

3. 3.7.2 VCG Nomograph 

The VCG nomograph in figure 3-6 gives an example of 
how the input voltage affects the output frequency/ 
range. Applying dc (or dc and ac) at the VCG in connec- 
tor can produce a 1 :1000 sweepinanyof thefrequency 
ranges (1:1 200 on the top range) according to the follow- 
ing formula: 

FreqOut = Freq,p.,g, 3 ^^,„ + Freq,, 3 ,gp,X'^CG,n,v)/iov 



The VppjgQ is always positive (> 10 mV), must be less 
than 12 volts and is the sum of the following formula: 

Sum = Freq,p,pg, 3 ^^ 3 p/Freq„ 33 gp,X 10V + VCG In 
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3.3.7.S Sweep 

To demonstrate sweep VCG operation, connect the 
instruments as shown. 
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Set the Model 23 and test instrument controls as follows: 
NOTE 

Because 1000:1 sweep is not being 
demonstrated, the ‘zero' frequency setting 



is not used. 

Model 23 

Power: On 
Reset: Press once 
Frequency: 1 .0 kHz 



Waveform Source 

Waveform: Positive Ramp 
Amplitude: 0 to +5Vdc 
Frequency; 400 Hz 



Oscilloscope 

Vert Input CHI: 2 V/DIV 
Vert Input CH2: 2 V/DIV 
Vert Coupling: DC 
Horiz Sweep: .5 ms/DIV 
Trig Mode: AUTO 
Trig Coupling: AC 
Trig Source: CH1 



Adjust the waveform source frequency control as 
necessary to stabilize the Model 23 waveform. Note that 
in the following illustration the frequency of the Model 
23 waveform increases from left to right. The zero 
amplitude of the ramp signal is the minimum frequency 
of the Model 23 and that the maximum amplitude of the 
ramp signal is the maximum frequency of the Model 23. 
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3.3.7.4 FM 

To demonstrate frequency modulation VCG operation, 
set the Model 23 and test instrument controls as follows: 



Model 23 

Power: On 
Reset: Press once 
Frequency: 1 .0 kHz 



Oscilloscope 

Vert Input CHI: 2 V/DIV 
Vert Input CH2; 2 V/DIV 
Vert Coupling: DC 
Horiz Sweep: .5 ms/DIV 
Trig Mode: AUTO 
Trig Coupling: AC 
Trig Source: CHI 



Waveform Source 

Waveform: Sine Wave 

Amplitude: 10 Vp-p (centered at +5 Vdc) 

Frequency: 625 Hz 

Adjust the waveform source frequency control as 
necessary to stabilize the Model 23 waveform. Note that 
in the following illustration the frequency of the Model 
23 waveform increases when the sine v^ave is positive- 
going and decreases when the sine wave is negative- 
going. If the Model 23 frequency is set toward the middle 
of any frequency range, a symmetrical increase above 
and decrease below the center (display) frequency can 
be obtained. 
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3.3.8 AM/SCM Operation 

The Model 23 can provide both conventional Amplitude 
Modulation (AM) and Suppressed Carrier Modulation 
(SCM) via the AM In (600Q) connector. An input of 
10 Vp-p will provide 100% modulation onto a 5 Vp-p 
carrier signal. Pressing the Zero switch while in the 
amplitude display mode will cause the carrier dc 
amplitude to be zero volts and provide SCM operation 
via the same AM In (600Q) connector. The carrier null 
can be improved by changing the SCM NULL value 
shown on the Model 23 display. The Control knob will 
change the value from 0 to a maximum of ± 500. 

To demonstrate AM operation, connect the instruments 
as shown. 
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Model 23 Oscilloscope 

Power: On Vert Input CHI : 5 V/DIV 

R9S6t' Pf6ss oncG V8ft Input CH2i 5 V/DIV 

Horiz Sweep; .5 ^s/DIV 
Trig Mode: AUTO 
Trig Coupling: AC 
Trig Source: CHI 

Waveform Source 

Frequency; 1 kHz 
Waveform: Sine 
Amplitude; 10 Vp-p 
Frequency: 100 KHz 



The oscilloscope will display a 100 kHz continuous 
waveform carrier 100% modulated at 1 kHzasshowm 
below. Increasing the amplitude of the waveform source 
will cause overmodulation, while decreasing the 
amplitude will cause undermodulation. 
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To demonstrate suppressed carrier modulation, press 
the Amplitude switch followed by the Zero switch. The 
oscilloscope will display a suppressed carrier modula- 
tion pattern as shown in the following illustration. 
Adjusting the Control knob will maximize the carrier null. 




3.4 THE GENERAL PURPOSE INTERFACE BUS (GPIB) 

Paragraphs 3.4 through 3.5 provide background infor- 
mation on the General Purpose Interface Bus (GPIB). For 
specific Model 23 programming information, refer to 
paragraph 3.6 through 3.8.2. 

The GPIB interface is an implementation of IEEE 
specification 488-1978. It supports the following inter- 
face functions which are described in detail in the 
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specification. Relevant aspects of these functions are 
discussed in following paragraphs. 

SHI Complete source handshake. 

AH1 Complete acceptor handshake. 

T6 Basic talker. 

TEO No extended talker. 

L4 Basic listener. 

SRI Complete service request (software 
select). 

RL1 Remote/local and local lockout. 

PRO No parallel poll capability. 

DC1 Complete device clear/selective device 

clear. 

DT 1 Complete device trigger capability. 

El Tri-state drivers. 

Instruments on the bus may have “talk” and “listen” 
capabilities. The talk capability allows a device to send 
data (such as error message readings) out over the bus. 
The listen capability allows a device to receive data (such 
as device programming information) from the bus. 

The GPIB consists of 16 negative true signal lines as 
shown in figure 3-7. hese 1 6 lines include 8 bidirectional 




Figure 3-7. GPIB Structure 



data lines, 3 handshake lines and 5 control lines. All 
devices on the bus interface to these lines with passive 
pull up and active pull down. Thus, any device may 
"assert” a line by pulling it down to the logic low, or 
‘ ‘true’ ' state. If no device is asserting the line, it is pulled 
up to the logic high, or ' 'false” state. (Only the controller 
is allowed to assert certain lines.) 

As shown in figure 3-7, devices connected to the bus may 
be a LISTENER (only), TALKER (only), LISTENER/ 
TALKER or CONTROLLER. More than one controller may 
be connected to the bus. but only one controller may be 
hard wired as SYSTEM CONTROLLER, and only one con- 
troller at a time may assume the role of ACTIVE 
CONTROLLER. 

3.4.1 Bus Line Definitions 

The 16 negative-true GPIB signal lines are: 



DI01- 

DI08 


Data In/Out Lines 


ATN 


Attention 


REN 


Remote Enable 


DAV 


Data Available 


NRFD 


Not Ready For Data 


NDAC 


Not Data Accepted 


EOi 


End Or Identify 


SRQ 


Service Request 


IFC 


Interface Clear 



The functions of the GPIB signal lines are: 

DI01 -DIOS These eight lines (Data In/Out) are used 
to send commands from the controller 
and to transfer data back and forth 
between instruments and the controller. 

ATN The Attention line is operated only by the 

active controller. It specifies whether the 
information on lines DI01-DI08 is data 
(ATN false) or a command (ATN true). 
V\/henever ATN is set true, no activity is 
allowed on the bus except for controller 
originated messages. 

REN The Remote Enable line controls whether 

devices on the GPIB are in local or 
remote modes. In the local mode, 
devices respond to front panel 
commands, in remote mode, the situa- 
tion is reversed: GPIB originated com- 
mands are obeyed, while front panel 
commands are ignored. The Model 23 
enters the remote state when it receives 
its listen address and REN is enabled. 
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The Model 23 then stays in the remote 
mode until the REN line is put in the local 
state, a Go To Local (GTL) command is 
received or the LOCAL front panel soft 
key is pressed. 

DAV, NRFD, These are the “handshake” lines (Data 
NDAC Valid, Not Ready For Data and Not Data 

Accepted) which regulate the transmis- 
sion of information over the lines DI01- 
DI08. For each command or data byte 
transferred, a complete handshake cycle 
occurs. This handshake is designed to 
hold up the bus until the slowest device 
has accepted the information. 

EOl When ATN is false, EOl (End Or Identify) 

indicates that the data on lines DI01- 
DI08 is the last byte of a data message. 
When the Model 23 receives a data byte 
with EOl true, it automatically supplies a 
terminator character following the data 
byte. When the Model 23 transmits the 
last byte of a message (which is always 
a terminator character) it also sets EOl 
true. 

5RQ The Service Request line is used by the 

Model 23 and other devices on the bus 
to signal the controller that they request 
attention. Since the SRQ line is common 
to all devices, additional tests must be 
made to determine which devices are 
signaling. The controller performs a 
Serial Poll to accomplish this. 

IPQ The Interface Clear iine is asserted by the 

system controller to reset the interface 
logic in all devices connected to the bus 
to a known initial state. 

3.4.2 Handshake Sequence 

The three handshake lines, Data Valid (DAV), Not Ready 
for Data (NRFD) and Not Data Accepted (NDAC) are 
used in a typical data exchange as described in the next 
paragraph. 

All devices currently designated as active listeners would 
indicate (via the NRFD line) when they are ready for data. 
A device not ready would pull this line low (ground), while 
a device that is ready would let the line float high. Since 
a low overrides a passive high, this line will stay low until 
all active listeners are ready for data. When the talker 
senses this, it places the next data byte on the data lines 
and then pulls DAV low. This tells the listeners that the 



information on the data lines is valid and that they may 
read it. Each listener (at its own speed) then takes the 
data and lets the NDAC line go high. Again, only when 
all listeners have let NDAC go high will the talker sense 
that all listeners have read the data. It can then remove 
DAV (let it go high) and start the entire sequence over 
again for the next byte of data. 

3.4.3 Commands 

Commands are sent over lines DIC1-DIC8 with ATN true. 
They are divided into five classes; 

1 . Listen Addresses 

2. Talk Addresses 

3. Secondary Addresses 

4. Universal Commands 
DCL Device Clear 
SPE Serial Poll Enable 
SPD Serial Poll Disable 
LLC Local Lockout 

5. Addressed Commands 
GTL Go To Local 

SDC Selective Device Clear 
GET Group Execute T rigger 

These commands and command groups are shown with 
their binary codes in Appendix A. 

3.4.3.1 Listen Address 

Listen addresses are used to command a device to read 
any data bytes transmitted over lines DIC1 -DIGS. There 
are 31 different available addresses (hexadecimal codes 
20 through 3E, ASCII codes SP through ►). Unlisten 
(address “32”, hexadecimal “3F”, ASCII “?”) is used 
to command all devices to not read data bytes. The 
Wavetek Model 23 listen address is selected by internal 
switches(figure 2-7)or by front panel keyboard. To tem- 
porarily change the GPIB address, press the front panel 
status key until GPIB ADRS appears in the display. Then 
turn the knob until the current address is displayed. At 
power on, the address always matches the internal 
switches. 

S.4.3.2 Talk Address 

Talk addresses are used to command a device to 
transmit data over lines D1G1-DIC8. There are 31 
different available addresses (hexadecimal codes 40 
through 5E, ASCII codes @ through t). A 32nd address, 
called untalk (hexadecimal 5F, ASCII “_”) is used to 
command all devices to cease talking. The lower 5 bits 
of the Model 23 talk address are selected by the same 
switches used to select the listen address. Thus, if the 
Model 23 listen address is hexadecimal 21 (ASCII “ !”), 
the talk address is hexadecimal 41 (ASCII “A”). 
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S.4.3.3 Secondary Address 

Secondary addresses are used following a talk or listen 
address to provide the ability to address more than the 
31 devices provided for by simple talk or listen 

addresses. Secondary addresses are ignored bv the 
Model 23. 



3.4.3.4 Universal Commands 

Universal commands are used to command a device to 
perform designated actions. Universal commands are 
recognized at all times. Universal commands performed 
by the Model 23 are: 

1 Device Clear (DCL) — Resets the Model 23 to the 
default settings. DCL affects all devices on the bus. 

2. Serial Poll Enable (SPE) — Causes the instrument 
to engage in a serial poll by responding with the serial 
poll status byte when addressed as a talker. Data 
line DI07 will be on, if service is being requested on 
the SRQ line. When the status byte is read, it is reset 
to all zeros, and the SRQ line is released (of course, 
it may still be held down by other devices). The status 
byte is also available by reading the Model 23 talk 
message number 1 When this message is read, the 
status byte is reset and the SRQ released as for the 
serial poll. 

3. Serial Poll Disable (SPD) — Discontinues serial poll. 
Returns instrument to normal talk modes. 

4. Local Lockout (LLQ) — Causes the Model 23 to enter 
a state where the front panel LQCAL soft key is 
inoperative. In this state the instrument will only 
accept parameter changes through the GPIB. To 

enable parameter changes, the GPIBcontroller can 

send the GTL (Go To Local) command. 

3.4.3.S Addressed Commands 

Addressed commands are used to command a device 
to perform designated actions. Addressed commands 
are recognized only when the instrument is addressed 
as a listener. Addressed commands performed by the 
Model 23 are: 

1 Go To Local (GTL) — Commands the Model 23 to 
go to the local mode. 

2. Selective Device Clear (SDC) — Resets the Model 
23 to its default conditions. SDC affects only the 
selected unit. 

3. Group Execute T rigger (GET) — Upon receipt of the 
GET, the programmed settings are error checked. 

If no error is detected, the control information is 
transferred to the waveform generator circuit, 
followed by a trigger pulse from the mic roprocessor . 



3.5 DATA TRANSFER 

The Model 23 is programmed by first sending the listen 
address (with ATN on), followed by the programming data 
(in ASCII, with ATN off). The instrument microprocessor 
accepts the data as fast as possible, until either 124 
characters are received or there is a pause during the 
transfer of data. At the time, the entire string of received 
characters is scanned by the microprocessor, which 
carries out the scan and accepts the next 1 24 character 
string. Whenever the microprocessor is finished 
scanning a string, the display will show the last 
parameter of the string and the current status of the GPI B 
interface. If the EQI line is asserted while sending a 
character to the Model 23, the currently programmed 
terminator character will be put into the input string 
following the character with the EQI. 

In addition to accepting programming characters, the 
Model 23 will transmit status information over the bus. 



3.6 MODEL 23 GPIB PROGRAMMING 

This section describes the remote operation of the Model 
23. For instrument description and local operation refer 
to paragraphs 3.1 through 3.3.8, For general GPIB pro- 
gramming information, refer to paragraph 3.4 through 
3.5 

Paragraphs 3.6.1 through 3.6,6 provide background 
information and should be read before attempting to pro- 
gram the Model 23. Table 3-2 is aprogramming reference 
guide giving detailed descriptions of each programming 
character and information for writing actual statements 
to the Model 23. 



3.6.1 General Programming Information 

When the instrument is in remote, the GPIB interface 
input has priority over any front panel control, and the 

knob is completely ignored. Therefore, if theGPIB inter- 
face is continuously supplied with data, the keyboard will 
appear to be inoperative to the user. 

Line 1 of the LCD display always shows the state of the 
GPIB interface after scanning the last string (see 
paragraph 3.5). In the upper right corner, several 
characters may appear: 

R = Remote 
L = Addressed to listen 
T = Addressed to talk 

Q - Request of service because of selected SRQ 
mode 

Line 2 is the parameter and special message readout. 
An asterisk to the left of the parameter indicates that an 
execute has not been sent. 
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Figure 3-8. GPIB Memory Structure and Data Flow 



The front panel display is externally programmed by 
sending any ASCII character between single quotes 
('test string) or double quotes (“test string”). 



3.6.2 Basic Command Structure 

The Model 23 is programmed by sending ASCII coded 
characters to the instrument (see table 3-2 and Appen- 
rjjY A\ Pig(j !'0 3-8 QivGs 3R oyGrvi6\A.' of th 6 intGrns! 
memory structure and data flow. 



3.6.3 Characters 

There are 5 types of characters that can be sent over 
the GPIB bus. These are: 

Alphabetic characters. A through Z (except E). These 
select action or parameter commands. Both upper 
and lower case characters are accepted. 



Numeric characters (Suffix). These are 0 through 9, E 
(exponent), - (negative) and thedecimal point. They 
control the selected parameter. 

Special characters. The instrument will order any set 
of characters within single or double quotes, such as 
'string' or “string” to the display. 

Nonprogramming characters. These are characters 
not in one of the previous described classes. They 

h^^vp nn pffprt nn nrnnrpmminn pnri mpv hp intpr- 

spersed freely after any programming character other 
than X. 

Terminator. Designates the end of a character string. 
Initially, this is iine feed (LF). 

3.6.4 Action and Parameter Commands 

The alphabetic characters are used to select either 
actions or parameters. Four characters select action 
commands. These cause an immediate action when sent 
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and do not require entry of a numeric suffix. The remain- 
ing alphabetic characters are parameter commands and 
require one or two letters plus a numeric suffix to con- 
trol some aspect of the instruments operation. 

3.6.5 Action Commands 

Action commands which cause an immediate action 
when sent and do not require entry of a numeric suffix 
are: 

"J” (Manual trigger asserted) 

“H" (Manual trigger unasserted) 

‘‘I " (Execute) 

"Z" (Reset) 

To program an action, simply send the proper alphabetic 
character to the GPIB interface. For example, to reset 
the Model 23, simply send the letter “Z”. The action will 
then take place, but only if the instrument is in the enable 
state when the character is read by the microprocessor. 
See paragraph 3.4,1 REN (Remote Enable) for further 
information. 

3.6.6 Programming Parameters 

Parameter commands require one or two letters plus a 
numeric suffix to control some aspect of the instruments 
operation. 

There are only two exponent digits allowed. Only one 
decimal point and one E (exponent) are allowed per 
number, all others are ignored. Any number of non- 
programming characters may be interspersed with the 
numeric suffix as they have no effect. 

To examine the current value of a parameter, simply pro- 
gram the proper alphabetic character (F = frequency 
etc ). If the parameter is legal, the current value will be 
displayed on the instrument front panel along with an 
asterisk (*) until the parameter is executed. 

I 

To change a parameter value, first program the 
alphabetic character which selects the desired 
parameter. Next, program the new value using numeric 
characters (0 through 9, E, - , .). Data entry can be fixed 
point, floating point, exponential notation or scientific 
notation. Any sequence of characters which gives the 
new value is acceptable. For example, all of the follow- 
ing sequences cause frequency 100 Hz to be 
programmed. 

Programming 
String for 

Frequency 100 Hz Remarks 

F 100 Blank spaces are ignored 

F0100 Leading zeros are ignored 

F1E2 1*102=100 

F.01E4 .01*104 = 100 



String Remarks 



F.01E304 


.01*104 = 100 Last two exponent 




digits are only used 


FI OOOE-1 


1000*10-1 = 100 


FI E-2- 


Two minus signs cancel 


F1E.2 


Decimal point in exponent is 




ignored 



Since the number input format is so general, the instru- 
ment must be told when the last numeric character has 
been entered so it can evaluate the number. This is done 
by programming either an alphabetic character, a 
special character, or a terminator character. When this 
is done, the new value is rounded off (see table 3-1 ) and 
tested to see If it is a legal value for the setting being 
changed. If it is legal, the new value will then be entered 
into the instruments scratchpad memory. 

If an execute (I) has not been sent and the new value is 
different from the parameter in the scratchpad memory, 
an asterisk (*) is shown on the display (see paragraph 
3.6.1). After an I (execute) or a GET command is sent, 
all the parameters in the scratchpad are checked for 
interparameter conflicts and if no error occurs the 
scratchpad contents are transferred to the waveform 
memory (see table 3-1). An execute (I) may be sent as 
the last character in the parameter string if the new 
parameter is to be executed immediately. 

It Is also possible to send multiple commands in the same 
string. For example, to change frequency, amplitude and 
offset simultaneously, send the parameter string: 
"F1E4A2DH”. In this example, the new frequency is 
10 kHz, amplitude is 2 Vp-p and offset is IV. Because 
an execute was sent at the end of this string, the 
parameter changes are executed immediately. 

3.6.7 Programming Reference Guide 

T able 3-2 can be used as a programming reference guide 
when writing actual statements to the Model 23. It 
describes each programming character and which 
numeric characters are to be used to program parameter 
values. Before attempting to use this guide, read 
paragraphs 3.6.1 through 3.6.6. 

When programming the Model 23, keep in mind that at 
initial power up, the following remote settings have been 
defaulted. 



Function 


ASCII Character 


Default Setting 


GPIBADRS 


— 


Bit Switch 


SRQ Mode 


XQ 


1 


Talk Mode 


XT 


0 


Terminator 

Select 




XV 


10 
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Table 3-1. Parameter Round Offs 





Round Off Values 
(Scratchpad Input) 


Execute Round Off Values 
(Scratchpad to Waveform Memory) 


Parameter 


Range* 


Round Off 


Mode 


Range 


Round Off 


Frequency 


0.01 Hz to 
<10 MHz 


4 Digits 


Synth 


0.01 Hz to 
12 MHz 


No Round Off 




10 MHz to 
<16 MHz 


5 Digits 


Clock 


0.01 Hz to 
32 MHz 


No Round Off 




16 MHz to 
32 MHz 


5 Digits (Up to 
Next Even LSD) 


All Others 


0.01 Hz to 
<10 MHz 


3 Digits 










10 MHz to 
12 MHz 


4 Digits 


Amplitude** 


1 0 mVp-p to 
<10 Vp-p 


3 Digits or 
Nearest 
0.1 mVp-p 










1 0 Vp-p to 
10.2 Vp-p 


4 Digits or 
Nearest 
1 0 mVp-p 








Offset** 


-5.1V to 
■r5.1V 


3 Digits or 
Nearest 0.1 mV 








AmpI Vp-p -F 
2 (Absolute 
Offset) 








1 0 mVp-p to 
<0.1 Vp-p 


3 Digits or 
Nearest 
0.1 mVp-p 










0.1 Vp-p to 
<1 Vp-p 


3 Digits or 
Nearest 
1 mVp-p 










1 Vp-p to 
10.4 Vp-p 


Nearest 
1 0 mVp-p 


Remaining 

Parameters 




To Closest 
Integer 






None 



*Values not shown are invalid. 
**Terminated into 50Q. 
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Table 3-2. Programming Reference Guide 



Function 


— 

ASCII 

Characterfs) 


Description 


Amplitude 


A 


An A followed by a number value programs the peak to peak amplitude into 
the correct impedance at the Func Out connector. Valid amplitude values are 
10E-2 to 10.2. For rounding oft, refer to table 3-1 . 


Amplitude 
Zero (SCM) 


AO 


Zeros or nulls both the output amplitude and offset. Also allows for 
suppressed carrier modulation. Any future offset programming while in SCM 
is ignored. 


Execute 


I 


An action command that causes all parameters in the scratchpad to be checked 
for interparameter conflicts. If no error is found, the rounded scratchpad con- 
tents are transferred to the waveform memory. An execute (1) may be sent as 
the last character in the parameter string if the new parameter is to be executed 
immediately. 


Exponent 


E 


Designates the numerals immediately preceding “E” to be raised by the *10 
power of the following numeral and ± entries. For example, F3E-1 = Fre- 
quency 3* 10“^ = Frequency 0.3 Elz. 


Frequency 


F 


An F followed by a number value programs the generator frequency in hertz. 
For rounding off, refer to table 3-1 An "E" designates exponent. Valid frequency 
values are: 






Clock Mode 10E-2to32E6 

Cont/Trig/Gate/Synth Mode 10E-2 ... 12E6 

Trig Elav/Gate Elav Mode 10E-2to999 

Sine/Square/Triangle Func 10E-2 to 12E6 

Ramp Up/Ramp Dn Func 10E-2 to 999( 9) 


Frequency 
Zero (FM) 


FO 


Sets the output frequency to the lower end of the selected frequency range (see 
paragraph 3. 3. 7.1). This range is determined by programming a frequency 
within the limits of that range before programming FO. 


Function 


c 


The character C followed by a single digit code between 0 and 5 selects func- 
tion at the Func Out connector 






FUNCTION CODE 

Sine wave CO 

Square wave Cl 

Triangle wave C2 

Ramp Up C3 

Ramp Dn C4 

DC C5 
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Table 3-2. Programming Reference Guide (Continued) 


Function 


ASCIi 

Character(s) 


Description 


Mode 


B 


The character 'B' followed by a single digit code between 0 and 4 selects the 
operating mode of the instrument.. 




I 


MODE CODE 

Continuous BO 

Triggered B1 

Gated B2 

Triggered Haver (F<1 E3 not B3 

valid for Ramp Up or Ramp Dn) 

Gated Haver (F<1 E3 not valid for B4 

Ramp Up or Ramp Dn) 

Clock (1 0 mHz to 32 MHz only B5 

valid for sync out signals) 

Synthesized (same as continuous B6 

but with increased frequency 
accuracy 


Number 

Character 


0-9, ± , . 


The numeric characters (0 through 9, E, - ) are used to program new parameter 
values. Data entry is free format, i.e., fixed point, floating point and exponen- 
tial notation, or scientific notation. 






Fixed Point: Decimal remains at far right. 






Floating Point: You program the decimal point. It floats to the left in its 
designated position as you enter more numerals. 






Exponential Notation: A value, then E followed by the exponent of a times ten 
multiplier. When the value (mantissa) is limited to one digit, exponential 
notation is called scientific notation. 


Offset 


D 


The Character D followed by a number value programs the offset voltage into 
the correct impedance at the Func Out connector. Valid offset values are - 5.1 
to - 1 - 5.1 . For rounding off, refer to table 3-1 . 


Reset 


Z 


An action command that sets the waveform and scratchpad memories to the 
defined default values. Refer to paragraph 3.2 number 21 for the initial 
values. 


Trigger 




In remote operation, triggered and gated modes of the generator are initiated 
by an external signal at the Trig In connecter, or the J and H commands via 
the GPIB. 


Man, Trig. 
Pressed 


J 


See following Triggering/Gating Chart. 


Man. Trig. 
Released 


H 


See following Triggering/Gating Chart. 
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Table 3-2. Programming Reference Guide (Continued) 



ASCII 



Function 



Character(s) 



Description 



Trigger 

Slope 



Q 



The character 'Q' selects generator triggering or gating on the rising or falling 
edge of the Trig I n (TTL) signal or GPI B ‘ J ' (positive slope) or ‘ H ' (negative slope) 
command. See TRIGGERING/GATING CHART belo\w. 



SRQ Mode 



XQ 



TRIGGERING/GATING CHART 





Positive Slope 


Negative Slope 




(Rising Edge) QO 


(Falling Edge) Q1 


J 


Trig: Single Cycle 


Trig: Reset 




Gate: Freeruns 


Gate: Qff 


H 


Trig: Reset 


Trig: Single Cycle 




Gate: Qff 


Gate: Freeruns 



XQ followed by a value (‘‘0” to “255”) selects the conditions under which the 
Model 23 asserts the SRQ line on the GPI B bus and sets the rsvbit in the serial 
poll response byte. The equivalent binary value is a “mask" for the serial poll 
response byte. All undefined bits will have no effect if selected. 



BIT VALUE 
0000 1 000 
0000 0001 
0000 001 0 



DESCRIPTION 
Battery backup level low 
Class 1 or 2 program error 
Execute Completed 



Serial Poll Response Bit 



128 


64 


32 


16 


8 


4 


2 


1 


Undef’d 


rsv 


Undef'd 


Undef’d 


Batt Low 


Undef’d 


Exec Compt’d 


Program Errc 



Each bit value represents a condition that, if selected by the SRQ mode, 
will represent the GPIB’s SRQ line and the SERIAL POLL byte’s rsv bit. 
Each bit may be selected individually or in various combinations. 

Examples: 

XQ1 asserts the SRQ line and rsv bit when there is a program error such 
as “offset” beyond the Model 23 limits. 

XQ9 initiates a service request if either a program error has occurred or 
the battery voltage is detected low after receiving a reset command (Z) 
or device clear command. 



Talk Mode 



XT 



To read a message from the Model 23, send the talk address (with ATN 
on) over the bus. The Instrument will then send the message currently 
selected by the Talk Mode (XT) setting. The last character of the Model 
23’s message will be thecurrently programmed terminator character with 
the EOl line asserted. 



XT followed by a code (0 through 5) selects the kind of message the 23 
will send when it is addressed as a talker on the GPIB. 
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Table 3-2. Programming Reference Guide (Continued) 



ASCII 



Function 



Character(s) 



Description 



Code Message 

XTO Programming error list. A typical error string is E 1 F 2AD. Some error string 

characteristics are: 

A. All error strings begin with E 

B. Most recent error is at the end of the string 

C. Errors are separated by space 

D. Classi error;A1 followedbytheprogrammingcharacterthat caused 
the error (example 1 F) 

E. Class 2 errors: A 2 followed by the two conflicting parameters 

F. Error strings can be up to 80 characters in length 

H. After transfer, the instrument clears the error string. 

XT1 Poll Byte response: The byte (see paragraph 3. 4. 3. 4) that is sent if a 
serial poll was performed. The controller, by reading this byte, causes 
the instrument to clear the poll byte and reset the SRQ line if asserted. 

XT2 The most recently selected parameter and its value. Example: Freq 
1.23E3. If no parameter is selected, the instrument returns NO 
PARAMETER SELECTED. 

XT3 The entire instrument setup after last execute. Example: FI 0E3 A5 
DO CO QO. 

XT4 The entire instrument setup when execute is received; same format 
as XT3. 

XT5 Instrument identification: Wavetek Model 23 V(X.Y). X.Y identifies the 
software version number. 



Terminator 

Select 



XV 



At power on time, the terminator or End of String (EOS) character (see EOl 
description, paragraph 3.4.1) is the ASCII line feed LF. If the GPIB controller 
does not look for the end message (EOl line low), and it does not recognize 
the line feed (LF) as a string terminaor, a new EOS character will be needed. 
The EOS terminator may be changed to any ASOII character (except NUL) by 
sending XV followed by the decimal value (argument) corresponding to the new 
terminator. 



Example: 

XVI 3 changes EOS character to carriage return (CR). 

XVO as a special case means that the instrument will accept and send ‘Cr 
or 'Lr' and send ‘CR’ and XF' as a terminator. 
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3.7 MODEL 23 GPIB CONTROLS 



Table 3-3. Class 1 Error Guidelines 



GPIB instrument address, local control and command 
recall are controlled at the Model 23. 

3.7.1 GPIB Address 

At power on, the bit switch (figure 2-7) selects the GPIB 
ADRS (address) value. This value may be changed from 
the front panel. To do this, first press the status button 
until GPIB ADRS appears, then rotate the knob until the 
desired address is displayed. At power off the address 
returns to the bit switch setting. 

3.7.2 GTL (Trigger) Key 

If the unit is in remote mode, the Trigger key is actually 
the GTL (Go To Local) key. Pressing this key brings the 
Model 23 into local control providing the controller has 
not locked out the key (see paragraph 3.6.1). 

3.7.3 CMDRCLKey('<^) 

For units with any remote option, the -^and^ keys are 
also the CMD RCL (Command Recall) keys. Pressing 
either one of these keys while in remote displays the last 
1 6 ASCII characters received by the GPIB interface. The 
previously received characters can be scrolled on the 
display by spinning the control knob. A pointer on the 
display indicates the position of the viewing window 
relative to the last received character. Any nonprintable 
ASCII character except Cp and Lp are displayed as dots. 
This feature can be used as a debugging tool for remote 
instrument programming. 

3.8 ERRORS 

When an illegal value isprogrammed or interdependent 
parameter errors are detected, an error signal is indi- 
cated on the GPIB. The service request line is asserted 
if the service mode (XQ) has been selected (see SR'Q 
description, paragraph 3.4.1). The controller can then 
serial poll its instruments to locate the source of the 
service request. It then inquires as to the nature of the 
request. The method of reporting errors on the GPIB is 
given in table 3-2 (SRQ Mode). 

3.8.1 Class 1 Errors 

Class 1 errors are caused by programming values out- 
side the legal limits of the selected parameter. For 
example, programming an amplitude of 500 volts will 
cause a parameter error when the next alpha character 
is programmed. At this time, the Model 23 disregards 
the new value and retains the previously programmed 
value in scratchpad memory. 

Example; 

After receiving a frequency value, a round off (see table 
3-1 ) is made followed by the limit test 1 0E-3 to 32E6. Any 
value outside these boundaries causes a class 1 error. 



This Parameter 


Must (After Rounding) Be 
Within: 


Amplitude 


10*10“^ and 10.2 (Or 




"O" for SCM) 


Offset 


-5.1 and -1-5.1 


Frequency 


10* 10 and 32.000* 10^ 




(Or "0” for FM) 


Mode 


0 and 6 


Function 


0 and 5 


Trigger Slope 


0 and 1 


SRQ Mode 


0 and 255 


Talk Message 


0 and 5 


Terminator 


0 and 127 



3.8.2 Class 2 Errors 

Class 2 errors are interparameter inconsistencies such 
as2*ABS(OFST) ■+ peak to peak amplitude greater than 
10.4V. Figure 3-9 shows the possible types of class 2 
errors. Tests are made every time an execute (I) or GET 
is given. If no class 2 error is detected, all scratchpad 
values are transferred to the waveform memory (see 
table 3-1). 

Note that when an Execute (I) or GET is performed, and 
the programmed frequency value stil doesn't satisfy the 
frequency mode/func relation, an error 2 is detected and 
none of the scratchpad values are executed. 




Figure 3-9. Class 2 Errors 



PAR A — n anH — Ol/^r‘1/' 

2AC A = 0 (SMC) and Function = DC 

2AD AmpI p-p + 2* ABS (OFST) > 10.4V 

2AF AO and FO selected (SCM and FM 
simultaneously) 
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2BC Mode Function 

Trig Hav (B3) Ramp Up (C3) _ 

Gate Hav (B4) Ramp Dn (C4) ' 

Trig Hav (B3) Ramp Dn (C4) 

Gate Hav (B4) Ramp Up (C3) 

Ciock (B5) DC (C5) 

2BF Mode Frequency 

Cont(BO) F> 12.00 MHz 

Trig(BI) F> 12.00 MHz 

Gate(B2) F> 12.00 MHz 

Trig Hav (B3) F > 999 Hz 

Gate Hav (B4) F > 999 Hz 

Synth (B6) F> 12.00 MHz 

Clock (B5) FO (FM) 

Synth (B6) FO (FM) 

2CF Function Frequency 

Sine (CO) F > 1 2.00(0) MHz and not 

Ciock Mode 

Square (Cl ) F > 1 2.00(0) M Hz and not 

Clock Mode 

Triangle (C2) F > 1 2.00(0) MHz and not 
Clock Mode 

Ramp Up (C3) F 5= 1 kHz and not Clock 
Mode 

Ramp Dn (C4) F > 1 kHz and not Clock 
Mode 

DC (C5) FO (FM) 



3.9 GENERAL RS-232-C INFORMATION 

EIA standard RS-232-C specifies the electrical 
characteristics and pin out of a serial communication 
standard for connecting "data terminal equipment” 
(DTE) to "data communication equipment” (DCE). Data 
terminal equipment is usually devices such as terminals, 



computers, or printers that are the final destination for 
data. Data communication equipment, on the other 
hand, is usually a modem or other device that converts 
the data to another form and passes it through. Because 
RS-232-C signal lines defined as inputs on a DCE device 
are outputs on a DTE device and vise versa, connection 
to another DCE or of a DTE to another DTE will require 
a special cable with many of the signals interchanged. 
These cables are often called "modem eliminators” 
because they are used to eliminate a pair of modems 
between two computers. The Model 23 can be con- 
figured as either a DCE or DTE device, so in most cases 
it can be connected with a straight through cable to either 
a computer or to a modem. 

The baud rate is the bit rate during the transmission of 
a word in bits per second. Different devices use many 
baud rates but the baud rates of the two devices that are 
connected must be the same. The Model 23 can be set 
to 13 different baud rates ranging from 50 to 9,600 as 
shown in table 2-5. 

Data signals over the RS-232-C use a voltage of -t- 3 to 
-I- 25V to represent a zero (also called a space) and a 
voltage of - 3 to - 25V to represent a one (also called 
a mark). Handshake and control lines use -i- 3 to -i- 25V 
toindicateatrueconditionand -3to - 25V to indicate 
a false condition. 

When no data is being transmitted, the idle state of the 
data lines will be the mark state. To transmit a byte, the 
transmitting device f i rst sends a start bit which is a space 
for one bit time (1 /baud rate) to synchronize the receiver. 
Next, the data bits are sent LSB first (the Model 23 uses 
8 data bits), then at least one bit time of the mark state 
(stop bits) before initiating the transmission of the next 
byte. Some devices use an optional parity bit between 
the data bits and the stop bits. The Model 23 does not 
support this and it should be suppressed on the con- 
nected device (see figure 3-10). 



OPTIONAL 

START BIT PARITY 




MARK 



Figure 3-10. Transmission Example 
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The RS-232-C standard is not very specific about many 
of the handshaking signals and it is therefore usually 
necessary to refer to the manuals for both of the devices 
being connected to determine the exact pin out, signal 
definition, and signal direction for the devices (see 
paragraph 2.2.7, 2,2,8, and table 2-4) for the Model 23 
pin outs). 

Handshaking is used so that each device can tell the 
other device when it is ready or not ready to receive data. 
The Model 23 supports two different types of hand- 
shaking, CTS/DTR (hardware handshaking) and 
XON/XOFF (software handshaking), (see table 3-5). With 
hardware handshaking, the DCE device pulls the CTS 
line positive or negative to indicate whether it is ready 
or not ready respectively and the DTE device pulls the 
DTR line positive or negative to indicate whether it is 
ready or not ready respectively. With XON/XOFF hand- 
shaking either device sends and XOFF ($13) over the 
appropriate data line when it is no longer ready to receive 
data, then sends an XON ($1 1) when it is again ready. 

When the Model 23’s DTR (DCE configuration) or CTS 
(DTE configuration) line is pulled negative, it will send 
a maximum of one character before it stops transmitting 
and waits for the handshake line to return positive. When 
the Model 23 receives an XOFF character it will send 
a maximum of 3 characters before it stops transmitting 
and waits to receive an XON character. 

When the Model 23's internal buffer fills, it will do one 
of two things depending on the handshaking mode set 
from the HAND soft key. If the handshaking mode is 
CTS/DTR, the Model 23 will set the CTS line negative if 
it in the DCE configuration or set the DTR line negative 
if it is in the DTE configuration. When the Model 23 is 
again ready to receive data it will set the appropriate line 
back positive. If the handshaking mmde is set to 
XON/XOFF, the Model 23 will send an XOFF character 
over the data line. When it is again ready to receive data 
it will send an XON. After the Model 23 either sets the 
handshake line negative or sends the XOFF, the con- 
nected device must stop sending data within 10 
characters or data wiil be lost. 

The SRQ mode (XYn) has no effect over the RS-232-C 
interface, however the serial poll byte can be read using 
talk mode (XT1). 

When the instrument is in the remote mode (sending the 
ASCII character “!’ causes the instrument to go to 
remote), the SERIAL interface input has priority over any 
front panei controi, and the Control knob is completely 
ignored. Therefore, as long as the SERIAL interface is 
continuously supplied with data, the keyboard will appear 
to be inoperative to the user. 

Line 1 of the LCD always shows the state of the SERIAL 



interface after scanning the last string. In the upper right 
corner, a character will appear: 

‘R’ = Remote (if the unit is in remote) 

Line 2 is the parameter and special message readout. 
An asterisk to the left of the parameter indicates that an 
execute has not been sent. 

The front panel display is externally programmed by 
sending any ASCII character between single or double 
quotes, such as ‘test string’ or “test string”. 

The Model 23 is programmed by sending ASCII coded 
characters to the instrument (see table 3-6and Appendix 
A). 

3.9.1 Basic Command Structure 

Figure 3-11 gives an overview of the internal memory 
structure and data flow. 




Figure 3-1 1 . RS-232-C Memory Structure and 
Data Fiow 
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3.9.2 Characters 

There are 6 types of characters that can be sent over 

the SERIAL bus. These are: 

Alphabetic characters. ‘A' through 'Z’ (except ‘E’). 
These select action or parameter commands. Both 
upper and lower case characters are accepted. 

Numeric characters (Suffix). These are 0’ through ‘9’, 
‘E’ (exponent), ‘ - ’ (negative), ‘ + ' (positive), and 
the decimal point. They control the selected 
parameter. 

Special characters. The instrument will display any set 
of characters within single or double quotes, such 
as ‘string' or “string”. 

Interface control characters. These are the characters 
■$’, ■?', ‘DCr (XON), and ‘DCS’ (XOFF). 

Nonprogramming characters. These are characters 
not in one of the previous described classes. They 
have no effect on programming and may be 
interspersed freely after any programming 
character other than ‘X’. 

Terminator. Designates the end of a character string. 
Initially, the instrument will accept a ‘CR’ or a ‘LF’ 
and send a ‘CR + LF’ as a terminator. 



3.9.3 RS-232-C Terminators 

Upon “power-on”, the Model 23 accepts either a 
carriage return (CR) or a line feed (LF) as an end of string 
(EOS) terminator and sends both a CR and LF as the EOS 
terminator. If the connected device does not recognize 
either one, the terminator will need to be changed. The 
terminator can be changed to any interface control 
charactersor ASCII character otherthan DC1 (XON)and 
DCS (XOFF), or NULL by sending ‘XV followed bny the 
decimal ASCI I code for the character. A terminator code 
of ‘0’ is a special case and represents the default condi- 
tion of sending a CR and LF and accepting either CR or 
LF as previously mentioned. 

3.9.4 Action and Parameter Commands 

The alphabetic characters are used to select either 
actions or parameters. Nine characters select action 
commands. These cause an immediate action when sent 
and do not require entry of a numeric suffix. The remain- 
ing alphabetic characters are parameter commands and 
require one or two letters plus a numeric suffix to con- 
trol some aspect of the instruments operation. 



3.9.5 Action Commands 

Action commands which cause an immediate action 
when sent and do not require entry of a numeric suffix 
are: 

‘J’ (Manual trigger pressed) 

‘FT (Manual trigger released) 

T (Execute) 

‘Z’ (Reset) 

To program an action, simply send the proper alphabetic 
character to the SERIAL interface. For example, to reset 
the Model 23, simply send the letter ‘Z’. The action will 
then take place, but only if the instrument is in the remote 
state when the character is received by the instrument. 

3.9.6 Programming Parameters 

Parameter commands require one or two letters plus a 
numeric suffix to control some aspect of the instruments 
operation. 

There are only two exponent digits allowed. Only one 
decimal point and one ‘E’ (exponent) are allowed per 
number, all others are ignored. Any number of non- 
programming characters may be interspersed with the 
numeric suffix as they have no effect except for the 
interface control characters. 

To examine the current value of a parameter, simply pro- 
gram theproper alphabetic character(‘F’ - frequency 
etc.) If the parameter is legal, the current value will be 
displayed on the instrument front panel along with an 
asterisk (*) until the parameter is executed. 

To change a parameter value, first program the 
alphabetic character which selects the desired 
parameter. Next, program the newvalue using numeric 
characters (‘0’ through ‘9’, ‘E’, ‘ and ‘,’). Data 

entry can be fixed point, floating point, exponential 
notation or scientific notation. Any sequence of 
characters which gives the newvalue is acceptable. For 
example, all of the following sequences cause sample 
frequency 100 Hz to be programmed. 



Programming String 

for Frequency 100Hz Remarks 



F 100 


Blank spaces are ignored 


F0100 


Leading zeros are ignored 


F1E2 


1*1 02 = 100 


F.01E4 


.01*10'' = 100 


F.01E304 


.01*10'’ = 100 Last two 




exponent digits are only 




used 


F1000E-1 


1000*10“' - 100 


F1E-2- 


Two minus signs cancel 


FIE. 2 


Decimal point in exponent 




is ignored 
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Since the number input format is so general, the instru- 
ment must be told when the last numeric character has 
been entered so it can evaluate the number. This is done 
by programming either an alphabetic character, a 
special character, or a terminator character. When this 
is done, the new value is rounded off (see fable 3-4) and 
tested to see if it is a legal value for the setting being 
changed. If it is legal, the new value will then be entered 
into the instruments scratchpad memory. 

Some parameters require that they be followed by an 
execute (I). If an execute (I) has not been sent and the 
new value is different from the parameter in the scratch- 
pad memory, an asterisk (*) is shown on the display. After 
an T (execute) command is sent, all the parameters in 
the scratchpad are checked for conflicts and if no error 
occurs the scratchpad contents are transferred to the 
waveform memory (see table 3-4). An execute (I) may 
be sent as the last character in the parameter string if 
the new parameter is to be executed immediately. 



3.9.7 Programming Reference Guide 

Table 3-6 can be used as a programming reference 
guide when writing actual statements to the Model 23. 
It describes each programming character and which 
numeric characters are to be used to program parameter 
values. Before attempting to use this guide, read 
paragraphs 3.9 through 3.9.6. 

Table 3-5 describes the specific interface control 
commands, while table 3-6 can be used when writing 
serial statements to the Model 23, 

When programming the Model 23, keep in mind that at 
initial power up, the following functions are at their 
default settings. 



Function 

BAUD RATE 



ASCII 

Character Default Setting 

— Bit Switch 



Talk Mode XT 0 

Terminator Select XV 0 



3.10 RS-232-C CONTROLS 

The RS-232-C controls listed in paragraphs 3.10.1 thru 
3.1 0.4 are referenced to figure 3-1 2, RS-232-C Controls 
and Switches. 



3.10.1 Baud Rate Switch (1 } 

Changing the position of each individual switch section 
(and therefore the overall combination) in the Baud Rate 




Figure 3-12. RS-232-C Controls and Switches 



switch produces a different Baud Rate for the serial port. 
The Baud Rate set by this switch is the unit default value. 
See table 2-5 tor the baud rate codes. 



3.10.2 (Status) Key (2) 

Pressing the status button until HAND appears on the 
display allows the user to examine the handshake mode. 
Rotating the knob changes the handshake mode 
between CTS/DTR (hardware handshake) and 
XON/XOFF (software handshake). 



3.10.3 CMDRCLKey(-e^)(3) 

For units with any remote option, the and ► keys are 
also the CMD RCL (Command Recall) keys. Pressing 
either one of these keys while in remote displays the last 
1 6 ASCI I characters received by the RS-232-C interface. 
The previously received characters can be scrolled on 
the display by spinning the control knob. A pointer on the 
display indicates the position of the viewing window 
relative to the last received character. Any nonprintable 
ASCII character except Cpand Lp are displayed as dots. 
This feature can be used as a debugging tool for remote 
instrument programming. 



3.1 0.4 GTL (Trigger) Key (4) 

If the unit is in remote mode, the Trigger key is actually 
the GTL (Go To Local) key. Pressing this key brings the 
Model 23 into local control providing the controller has 
not locked out the key (see paragraph 3.9). 
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Table 3-4. Parameter Round Offs 





Round Off Values 
(Scratchpad Input) 


Execute Round Off Values 
(Scratchpad to Waveform Memory) 


Parameter 


Range* 


Round Off 


Mode 




Round Off 


Frequency 


0.01 Hz to 
<10 MHz 


4 Digits 


Synth 




No Round Off 


10 MHz to 
<16 MHz 


5 Digits 


Clock 




No Round Off 


16 MHz to 
32 MHz 


5 Digits (Up to 
Next Even LSD) 


All Others 


0.01 Hz to 
<10 MHz 


3 Digits 


10 MHz to 
12 MHz 


4 Digits 


Amplitude** 


1 0 mVp-p to 
<10 Vp-p 


3 Digits or 
Nearest 
0.1 mVp-p 








1 0 Vp-p to 
10.2 Vp-p 


4 Digits or 
Nearest 
1 0 mVp-p 


Offset** 


-5.1V to 
-I-5.1V 


3 Digits or 
Nearest 0.1 mV 








AmpI Vp-p + 
2 (Absolute 
Offset) 








1 0 mVp-p to 
<0.1 Vp-p 


3 Digits or 
Nearest 
0.1 mVp-p 


0.1 Vp-p to 
<1 Vp-p 


3 Digits or 
Nearest 
1 mVp-p 


1 Vp-p to 
1 0.4 Vp-p 


Nearest 
1 0 mVp-p 


Remaining 

Parameters 






To Olosest 
Integer 






None 



‘Values not shown are invalid. 
“Terminated into 50Q, 
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Table 3-5. RS-232-C Interface Control Commands 



Character 


ASCii 


Function 




! 


$21 

j 


Causes the Model 23 to go into remote mode. In remote mode the instrument setup 
can only be changed from the RS-232-C interface and not from the front panel. The 
front panel keys will still be active and can be used to query the instrument setup 
conditions. The instrument can be returned back to local mode by sending a '$’ 
over the interface or pressing the T rigger key (unless it is locked out by ‘ , see below). 




$ 


$24 


Causes the Model 23 to return to local mode. In local mode the instrument setup 
can be changed only from the front panel and will ignore any commands from the 
interface (except '!'). 




★ 


$2A 


Causes the Model 23 to disable the GOTO LOCAL (T rigger key). After this, the only 
way the instrument can return to local mode is with a '$’ character from the interface. 




9 


S3F 


Causes the Model 23 to send the talk message as set by the talk mode (XTn) to the 
connected device. 


DCS 


(XOFF) 


$13 


Causes the Model 23 to stop transmitting data to the connected device (see hand- 
shaking above). 


DC1 


(XON) 


$11 

i 


Cancels the XOFF condition allowing the Model 23 to continue transmitting. 



Table 3-6. Programming Reference Guide 



Function 


1 

ASCII 

Character 


Description 


Amplitude 


A 


An A followed by a number value programs the peak to peak amplitude into the 
correct impedance at the Func Out connector. Valid amplitude values are 1 0E-2 
to 10.2. For rounding off, refer to table 3-4. 


Amplitude 
Zero (SCM) 


AO 


Zeros or nulls both the output amplitude and offset. Also allows suppressed 
carrier modulation. Any future offset programming while in SCM is ignored. 


Execute 


1 


An action command that causes all parameters in the scratchpad to be checked 
for interparameter conflicts. If no error is found, the rounded scratchpad con- 
tents are transferred to the waveform memory. An execute (1) may be sent as 
the last character in the parameter string if the new parameter is to be executed 
immediately. 


Exponent 

i 


E 

1 


Designates the numerals immediately preceding “ E' ’ to be raised by the * 1 0 power 
of the following numeral and ± entries. For example, F3E-1 = Frequency 3* 
10“^ = Frequency 0.3 Hz. 
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Table 3-6. Programming Reference Guide (Continued) 





ASCII 






Function 


Character 


Description 


Frequency 


F 


An F followed by a number value programs the generator frequency in hertz. For 






rounding off, refer to table 3-4. An “E 


’ ’ designates exponent . Valid frequency values 






are: 








Clock Mode 


10E-2 to 32E6 






Cont/Trig/Gate/Synth Mode 


10E-2 ... 12E6 






Trig Hav/Gate Hav Mode 


1 0E-2 to 999 






Sine/Square/Triangle Func 


10E-2to 12E6 






Ramp Up/Ramp Dn Func 


10E-2to 999( 9) 


Frequency 


FO 


Sets the output frequency to the lower end of the selected frequency range (see 


Zero (FM) 




paragraph 3.3.7. 1 ). This range is determined by programming a frequency within 
the limits of that range before programming FO. 


Function 


c 


The character C followed by a single digit code between 0 and 5 selects function 






at the Func Out connector. 








FUNCTION 


CODE 






Sine wave 


CO 






Square wave 


Cl 






Triangle wave 


C2 






Ramp Up 


C3 






Ramp Dn 


C4 






DC 


C5 


Mode 


B 


The character 'B' followed by a single digit code between 0 and 4 selects the 






operating mode of the instrument. 








MODE 


CODE 






Continuous 


BO 






Triggered 


B1 






Gated 


B2 






Triggered Haver (F<1 E3 not 


B3 






valid for Ramp Up or Ramp Dn) 
Gated Haver (F<1 E3 not valid for 


B4 






Ramp Up or Ramp Dn) 

Clock (10 mHz to 32 MHz only 


B5 


1 




valid for sync out signals) 
Synthesized (same as continuous 


B6 






but with increased frequency 
accuracy 




Number 


0-9, ± , . 


The numeric characters (0 through 9, E) are used to program new parameter 


Character 




values. Data entry is free format, i.e., fixed point, floating point and exponential 






notation, or scientific notation. 








Fixed Point: Decimal remains at far right. 
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Table 3-6. Programming Reference Guide (Continued) 



Function 




Description 



Offset 



Reset 



Trigger 



Man. Trig. 
Pressed 

Man. Trig, 
Released 

Trigger 

Slope 



D 



H 

Q 



Floating Point: You program the decimal point, 
position as you enter more numerals. 



[ floats to the left in its designated 



Exponential Notation: A value, then E followed by the exponent of a times ten 
multiplier. When the value (mantissa) is limited to one digit, exponential 
notation is called scientific notation. 

The Character D followed by a number value programs the offset voltage into 
the correct impedance at the Func Out connector. Valid offset values are - 5.1 
to + 5.1 . For rounding off, refer to table 3-4. 

An action command that sets the waveform and scratchpad memories to the 
defined default values. Refer to paragraph 3.2 number 21 for the initial 
values. 

In remote operation, triggered and gated modes of the generator are initiated 
by an external signal at the Trig In connecter, or the J and H commands via the 
GPIB. 

See following Triggering/Gating Chart. 



See following Triggering/Gating Chart. 

The character 'Q’ selects generator triggering or gating on the rising or falling 
edge of the Trig In (TTL) signal or RS-232-C 'J' (positive slope) or ‘FI’ (negative 
slope) command. See TRIGGERING/GATING CFIART below. 



TRIGGERiNG/GATING CHART 





Positive Slope 


Negative Siope 




(Rising Edge) QO 


(Falling Edge) Q1 


J 


Trig: Single Cycle 


Trig: Reset 




Gate: Freeruns 


Gate: Off 


H 


Trig: Reset 


Trig: Single Cycle 




Gate: Off 


Gate: Freeruns 



Talk Mode 



XT 



To read a message from the Model 23, send the talk address (with ATN on) over 
the bus. The instrument will then send the message currently selected by the Talk 
Mode (XT) setting. The last character of the Model 23's message will be the cur- 
rently programmed terminator character with the EOl line asserted. 



XT followed by a code (0 through 5) selects the kind of message the 23 will send 
when it is addressed as a talker on the GPIB. 
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Table 3-6. Programming Reference Guide (Continued) 



ASCII 



Function 



Character 



Description 



Code Message 

XTO Programming error list. Atypical error string is E 1 F 2AD. Some error string 
characteristics are; 

A. All error strings begin with E 

B. Most recent error is at the end of the string 

C. Errors are separated by space 

D. Class 1 error: A 1 followed by the programming character that caused 
the error (example 1 F) 

E. Class 2 errors; A 2 followed by the two conflicting parameters 

F. Error strings can be up to 80 characters in length 

H. After transfer, the instrument clears the error string. 

XT1 Poll Byte response: Provides interface and instrument status informa- 
tion according to the set bits. After reading, the poll byte is set to 0. 



Poll Byte 



128 


64 


32 


16 


8 


4 


2 


1 


Carrier 

Lost 


1 


Framing 

Error 


Ovrun 

Error 


Batt 

Low 


Undef'd 


Exec 

complied 


Program Error 



XT2 The most recently selected parameterand its value. Example; Freq 
1.23E3. If no parameter is selected, the instrument returns NO 
PARAMETER SELECTED. 

XT3 The entire instrument setup after last execute. Example; F10E3 
A5 DO BO CO QO. 

XT4 The entire instrument setup when execute is received: same format as XT3. 
XT5 Instrument identification: Wavetek Model 23 V(X.Y).X.Y identifies the soft- 
ware version number. 



Terminator 

Select 



XV 



Designates the end of a character string. Initially the instrument will accept 
a Cr or Lp and send ‘CR’ and ‘LF’ as a terminator (XVO). The terminator character 
may be changed to any ASCII character except ‘DC1 ’ (XON), ‘DC3’ (XOFF), and 
any of the interface control characters ' I and '?' by sending XV followed 
by the decimal value (argument) corresponding to the new terminator. 

Example: 

XVI 3 changes EOS character to carriage return (CR). 

XVO as a special case means that the instrument will accept and send ‘Cp' 
or 'Lp' and send ‘CR’ and 'LF' as a terminator. 
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3.11 ERRORS 



When an illegal value is prog rammed or interdependent 
parameter errors are detected, the Model 23 sets the 
programming error bit in the poll byte indicating an er- 
ror condition. The controller can then poll the Model 23 
and request further information (such as the pro- 
gramming error list) by sending ‘XTO?’ and reading the 
error string. 

3.11.1 Class 1 Errors 

Class 1 errors are caused by programming values out- 
side the legal limits of the selected parameter. For 
example, programming an amplitude of 500 volts will 
cause a parameter error when the next alpha character 
is programmed. At this time, the Model 23 disregards 
the new value and retains the previously programmed 
value in scratchpad memory. 

Table 3-7. Class 1 Error Guidelines 



This Parameter 


Must (After Rounding) Be 
Within: 


Amplitude 


10’*10~ ^ and 10.2 (Or 




”0" for SCM) 


Offset 


- 5.1 and -t-5.1 


Frequency 


10*10“3 and 32.000*10® 




(Or ”0” for FM) 


Mode 


0 and 6 


Function 


0 and 5 


Trigger Slope 


0 and 1 


SRQ Mode 


0 and 255 


Talk Message 


0 and 5 


Terminator 


0 and 127 




Figure 3-13. Class 2 Errors 



3.11.2 Class 2 Errors 

Class 2 errors are parameter conflicts or inconsisten- 
cies such as 2* ABS(OFST) -F peak to peak amplitude 
greater than 1 0.4V. Figure 3-1 3 shows the possible types 
of class 2 errors. Tests are made every time an execute 
(I) or GET is given. If no class 2 error is detected, all 
scratchpad values are transferred to the waveform 
memory (see table 3-4). 

Note that when an Execute (I) or GET is performed, and 
the programmed frequency value still doesn’t satisfy the 
frequency mode/func relation, an error 2 is detected and 
none of the scratchpad values are executed. 

2AB A = 0 (SCM) and Mode = Clock 

2AC A = 0 (SMC) and Function = DC 

2AD AmpI p-p -f 2 * ABS (OFST) > 10.4V 

2AF AO and FO selected (SCM and FM 
simultaneously) 

2BC Mode Function 

Trig Hav (B3) Ramp Up (C3) 

Gate Hav (B4) Ramp Dn (C4) 

Trig Hav (B3) Ramp Dn (C4) 

Gate Hav (B4) Ramp Up (C3) 

Clock (B5) DC (C5) 

2BF Mode Frequency 

Cont(BO) F> 12.00 MHz 

Trig(Bl) F> 12.00 MHz 

Gate(B2) F> 12.00 MHz 

Trig Hav (B3) F >999 Hz 

Gate Hav (B4) F > 999 Hz 

Synth (B6) F> 12.00 MHz 

Clock (B5) FO(FM) 

Synth (B6) FO (FM) 

2CF Function Frequency 

Sine (CO) F > 1 2.00(0) MHz and not 

Clock Mode 

Square (Cl) F > 12.00(0) MHz and not 
Clock Mode 

Triangle (C2) F > 1 2.00(0) MHz and not 
Clock Mode 

Ramp Up (C3) F > 1 KHz and not Clock 
Mode 

Ramp Dn (C4) F ^ 1 KHz and not Clock 

Mode 

DC (C5) FO (FM) 
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4 

SECTION "¥ 
CIRCUIT DESCRIPTION 



4.1 MODEL 23 GENERAL DESCRIPTION 

Figure 4-1 shows a simplified block diagram of the enti re 
Model 23 Synthesized Function Generator. The 
microprocessor section, which receives instructions 
from the operator interface (keyboard and control knob) 
or remote interface (options 001 or 002), controls all 
operations of the instrument. These instructions direct 
the microprocessor to send control signals to the 
appropriate waveform generation circuits (frequency 



synthesizer, function generator and waveform synthe- 
sizer) and the output block, instrument parameters are 
continuously maintained in microprocessor memory 
through the use of a battery located in the battery test 
portion of the microprocessor circuitry, allowing the 
instrument to power-up under the same parameters that 
existed when the instrument was last powered-down. 
The microprocessor converts frequency and amplitude 
parameters to the proper units and sends all instrument 
set-up parameters to the front panel display. 




Figure 4-1 . Model 23 Complete Block Diagram 
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OPERATOR INTERFACE 




Figure 4-2 Microprocessor Control 
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The remote interface located on the communication 
board (options 001 or 002) interfaces with the instru- 
ment's microprocessor and handles all the handshake 
protocol and data transfer over the remote bus. The 
microprocessor insures that the remote interface over- 
rides any fronf panel keyboard commands. 

Within the frequency range of 1 kHzto 12 MHz, the func- 
tion generator section produces sine, triangle and square 
waveforms in continuous, triggered, gated or synthe- 
sized modes. The VCG In connector provides for an 
external voltage input to control the function generator 
frequency in sweep or FM operation. The 
microprocessor disables this connector in frequency 
synthesized mode. 

In triggered mode, each time the trigger logic circuit 
(within the function generator) is clocked, a single 
waveform cycle is produced by the function generator, 
in gated mode, the function generator produces a con- 
tinuous output waveform as long as the trigger is 
enabled, completing the last cycle begun. The trigger 
logic circuit is clocked from the front panel Trigger 
switch, an external signal at the Trig In (TTL) connector 
or a remote interface command. 

When the synthesizer mode is selected, a very accurate 
and stable square wave frequency reference from the 
frequency synthesizer (located on the microprocessor/ 
synthesizer board) is used to maintain the function 
generator frequency within very tight tolerances. 

From lOmHztol kHz, the function generator loop clocks 
the digital waveform synthesizer, providing sine, triangle, 
and square waveforms, up or down ramps, and triggered 
or gated haverwaves. The function generator drives a 
-1/^100 circuit, the output of which clocks fhe 
waveform synthesizer producing 1 cycle for every 1000 
or 100,000 cycles from the clock input. 

The output block selects the appropriate waveform to 
be output, allows for Amplitude Modulation (AM) and 
Suppressed Carrier Modulation (SCM) by utilizing the AM 
In connector, then provides the final gain and output off- 
set requirements for the selected waveform before 
reaching the Func Out connector, which is operational 
to 12 MHz. 

ECL and TTL level square waves from the ECL Out and 
TTL Out connectors are available from 10 mHz to 
32 MHz. The frequency synfhesizer selects one of three 
signals to drive the ECL and TTL outputs. These signals 
originate from the waveform synthesizer for frequencies 
between 10 mHz and less than 1 kHz, the function 
generator from 1 kHz to 1 2 MHz, and the frequency syn- 
thesizer from greater than 1 2 MHz to 32 MHz (CLOCK 
mode only). 



4.2 DIGITAL CONTROL DETAILED CIRCUIT 
DESCRIPTION 

4.2.1 Microprocessor Control 

The following descriptions refer to the figures specified 
and the microprocessor/synthesizer schematics in the 
back of this manual. Figure 4-2 shows a block diagram 
of the microprocessor control circuitry. The heart of this 
section and clearinghouse for all control operations is 
the 6303 microprocessor (U3). It accepts commands 
from the front panel keyboard through the front panel 
interface (U1 5, U16), or the remote interface (option 001 
or 002) through the communication board. The software 
program located In external Read Only Memory (ROM, 
U6) provides information needed to do the various 
routines. The ROM is add ressed by port 3 (AD0-AD7) and 
port 4 (ADR8-ADR15). As operating parameters are 
updated, they are stored in Random Access Memory 
(RAM U7) and sent to the front panel display. The data 
latch (U 1 1 ) reads these updated parameters and stores 
them for use by fhe analog inferface(U1 2, U1 3, U1 4) and 
sample and hold circuit (U32). The output of the analog 
interface controls the waveform generation circuits at 
the analog board and the frequency synthesizer. The 
knob interrupt circuit (U 1 7, U 1 8) reads data from the front 
panel knob (INI-0, INI-2) and the microprocessor (U3) 
to interpret the direction and speed of knob rotation. The 
analog/panel decoder enables the analog interface, fronf 
panel interface and knob interrupt circuits. Additionally, 
microprocessor port 1 (see P10-P17, schematic 
0103-00-1454, sheet 1 of 2) controls the frequency 
synthesizer, digital to analog converter, and knob 
interrupt circuits, while port 2 (P20-P24) controls the 
battery test and knob interrupt circuits. 

Figure 4-3 shows the approximate timing for major 
signals and busses in the microprocessor system. Actual 
system timing varies somewhat from instrument to 
instrument, so signal spacing may be different within the 
period of the system clock. 

The multiplexed low-order address/data bus AD0-AD7, 
provides both address and data information. The address 
is valid during the low part of the E clock cycle while the 
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latches the address. Data is placed on the same lines 
during the second half cycle while the E clock Is high and 
remains valid until 20 ns after the falling edge of the E 
clock. 

The microprocessor responds to two interrupt inputs. 
Master reset (RESET) initializes the microprocessor, 
while the external Interrupt request line (IRQ) from the 
knob Interrupt or communication board signals the pro- 
cessor of an interrupt condition. 
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Figure 4-3. Multiplexed Bus Timing 



Sleep: If no setting changes are given to the processor 
from the front panel or the communication board the pro- 
cessor enters sleep mode. During sleep, the ports and 
busses are in a quiescent state. This results in a lower 
power consumption and a lower noise level. 



Pin Conditions During Sleep 


Power Supplies 


Remain Active 


Clock Input 


Remains Active 


Reset 


Remains Active 


STBY 


Remains Active 


IRQ 


Remains Active 


NMI 


Remains Active 


E clock 


Remains Active 


AS 


Remains Active 


I/O Ports 


Retain condition before sleep 


A8-A16 


Output “1” 


AD0-AD7 


If E low; Output “1 ’’ 

If E high; High impedance 


R/W 


Output “1” 



4.2.2 Microprocessor Clock 

The microprocessor receives its clock signal from the 
frequency synthesizer, U22 (01 03-00-1 454 Sheet 2 of 2). 
The 6.1 44 MHz) signal at U22 pin 1 5 is divided by 2 at 
U4 (sheet 1) and applied to the microprocessor, U3 pin 
3. Signal routing is via coax cables, 

4.2.3 Front Panel Interface 

The front panel interface inputs user programming 
information from the front panel. The microprocessor 
enables the interface via the analog/panel decoder at 
= 30 ms intervals. The panel data is then placed on the 
data bus. When the interface is not enabled, the panel 
data llnesare tri-stated. If a knob interrupt isgenerated, 
U 1 6 of the front panel interface is enabled and reads the 
data lines to determine the direction and speed of knob 
rotation. 

4.2.4 Address Latch 



The processor exits sleep mode It an internal or exter- 
nal interrupt is received. External interrupts come from 
the front panel or communication board. Internal inter- 
rupts occur = every 30 ms. The sample and hold settings 
are refreshed at each internal interrupt. 



The address latch, U5, retains the lower order address 
bits (ADO through AD7)from the microprocessor. These 
bits are latched by AS (U3 pin 39) while the E clock is 
high and remain valid until 20 ns after the falling edge 
of the E clock. 
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4.2.5 ROM 



The ROM (read-only-memory), U6, contains the program 
for the microprocessor. CE from the address decoder 
enables the 1C on the rising edge of E clock. Read and 
wri^ cycles are _accomplished by gating the E clock with 
RAA/ to produce RD (Read Enable) and WE (Write Enable). 

4.2.6 RAM 

The microprocessor uses U7 asa scratch pad memory. 
The RAM address lines (AO through At 0) select a loca- 
tion for storage or retrieval of digital data. The location 
corresponds to the binary value of the logic levels on the 
address lines. The RAM line from the address decoder 
enables the RAM on the rising edge of the E clock. Dur- 
ing a write cycle, the write pulse circuit NANDs the 
read/write line from the processor (R/W) with the E clock 
to generate a write pulse (U7 pin 21) after all address 
lines have become stable. A lithium battery (BT 1 ) main- 
tains a sufficient voltage level to prevent the loss of 
information stored in RAM when external power is 
removed. 

The RAM data ports are bi- directional. The RAM p laces 
data on the lines when the OUTPUT ENABLE (OE) port 
is pulled low by the RD line. To read data into the RAM, 
the RAM output is disabled by a high on the RD line. 

4.2.7 Data Latch 

The data latch (U1 1) demultiplexes and holds informa- 
tion from the multiplexed bus for transfer to the analog 
interface and sample and hold circuits. This data is 
transferred on the negative transition of the E clock. 

4.2.8 Analog Interface 

The analog interface consists of three octal type “D" 
flip-flops (U12, U13 and U14) that are used as data 
registers to latch digital information from the data latch 
bus (LADO through LAD7) for use by the waveform 
generator board and frequency synthesizer. Each 
register is clocked on the rising edge of the clock pulse 
from the analog/panel decoder (CLK 1 , CLK 2 and CLK 
3) when the data on the data latch bus is valid for that 
particular register. 

4.2.9 Knob Interrupt 

Pins 1 and 2 of J1 2 transfer data (CPREI and CPRE2), 
which when interpreted, describe front panel knob rota- 
tion. This data originates from the CPRE (Conductive 
Plastic Rotary Encoder) shown in figure 4-4. When the 
front panel knob is turned, the two concentric rings re- 
main stationary while both pick-off points at the top of 



the diagram spin together as a unit on the bearing 
(center). Mounted on each ring are 50 contact points 
which are displaced by 25% between rings. Figure 4-5 
shows the 25% displacement of the contact points on 
the two rings as if the rings were cut and laid flat. As the 
knob is spun and the contact points on each ring reach 
the appropriate pick-off point, the attached CPRE line 
is shorted through 30KQ to ground, producing pulse 
trains which are transferred through CPREI and CPRE2 




Figure 4-4. Conductive Plastic Rotary Encoder 



30KQ 




Figure 4-5. Contact Point Reiationship 
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to the knob interrupt circuit. Because of the 25% con- 
tact point displacement between rings, points on the two 
pulse trains are displaced by 90° and the lead or lag of 
the displacement indicates direction of rotation as 
described in the following paragraph. 

The microprocessor prepares to read a transition of one 
of the CPRE lines (CPRE1 or CPRE2) by setting RKIRQ 
high and placing the compliment of CPRE1 at KW1 (P20 
on the microprocessor), and CPRE2 at KW2(P22 on the 
microprocessor). For this example, suppose CPRE1 is 
high (making KW1 low) and CPRE2 is low (making KW2 
high). Since the inputs of both exclusive-or gates (U1 8) 
are complimentary, their outputs are high. The micro- 
processor also sets KM (PI 7 on the microprocessor) to 
be the opposite of its last state, and for sake of this 
discussion, KM is high. With KM high, U1 7 pin 5 is low, 
and pin 6 will be high, preventing CPRE1 from having any 
effect on the circuit. Because U1 7 pins 9, 10 and 1 1 are 
all high, pin 8 is low. U19 pin 1 1 is high, knob interrupt 
(PI 2 on the microprocessor) is low and IRQ is high. This 
condition will remain in effect until CPRE2 makes a 
transition, which in this example would be low to high. 
When this occurs, U18 pin 6 will go low and U1 7 pin 8 
will toggle high. puttingalowatU17 pin 1 2, a high at knob 
interrupt, and a low at IRQ, interrupting the micro- 
processor. Because the interrupt could have come from 
either theCPRE or the communication board, the micro- 
processor must interrogate the knob interrupt line to 
locate the interrupt source. Finding knob interrupt high, 
it then reads the conditions of CPRE 1 and CPRE2, loading 
the compliment of CPRE1 in KW1 and the compliment 
of CPRE2 in KW2. It also inverts KM, and calculates the 
direction of knob direction. In this example, KM was high, 
KW2 was high, and CPRE1 went high when the knob was 



turned. From table 4-1 we find that the knob was rotated 
counterclockwise. Having completed the knob interroga- 
tion, the microprocessor pulls RKIRQ low for a clock 
cycle, forcing U1 7 pin 1 2 and iRQ high. With U1 7 pins 
3, 4 and 5all high, pin6goes low,CPRE2 is nowdisabled 
and KM goes low, leaving only a logic level change at 
CPRE1 to affect the circuit. Table 4-1 shows the 8 
possible conditions that determine direction of knob 
rotation. 

Since each ring produces 50 pulses per rotation, and an 
interrupt is generated at each pulse edge, two hundred 
interrupts are generated per knob rotation, or one 
interrupt approximately every 700/iS if the knob is spun 
at 7 revolutions per second. 

4.2.10 Analog/Panel Decoder 

The analog/panel decoder (UlO)determines which inter- 
face (analog interface, front panel interface, or knob 
interrupt circuit) will latch data into its registers at any 
given time. The decoder is enabled by a "1 ” on ADR 12, 
a “O” on l/Q and the high portion of the E clock cycle. 
The binary value of ADRO, ADR1 and ADR2 selects the 
appropriate interface. For example, an address of "000 " 
selects output YO (CLK1 enabling U12), while address 
"111" selects output "Y7" (RKIRQ enabling U1 7). CLK 
1 , CLK2 and CLK3 are clock lines for the analog inter- 
face (U1 2, U1 3 and U14), BENI and BEN2 are enable 
lines for the front panel interface buffers (U 1 5 and U 1 6) 
and RKIRQ is an active low control line for the knob 
interrupt circuitry. 

4.2.11 Address Decoder 

The address decoder. U8/U9, decodes the upper 3 bits 
(ADR1 3, ADR1 4 and ADR1 5) of the 1 6 address lines to 



Table 4-1. Direction of Knob Rotation 



Before Interrupt 


During Interrupt 


Direction of 
Knob Rotation 


KM 


KW1 


KW2 


CPRE1 


CPRE2 




Low 


Low 








Low 


CW 


Low 


Low 


— 


— 


High 


ccw 


Low 


High 


— 


— 


Low 


ccw 


Low 


High 


— 


— 


High 


CW 


High 


— 


Low 


Low 


— 


ccw 


High 


— 


Low 


High 


— 


CW 


High 


— 


High 


Low 


— 


CW 


High 


— 


High 


High 


— 


ccw 
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Table 4-2. Address Decoder Memory Locations 



ADR13 


ADR14 


ADR15 


Select 


Function 


1 


1 


Oor 1 


CE 


Selects EPROM in the range of COOOto FFFF 


1 


0 


1 


EN 


Enables data transfer to PEL chip in the fre- 
quency synthesizer 


1 


0 


0 


CS 


Selects DAC 1C U32 


0 


1 


1 


RAM 


Selects RAM 1C U7 


0 


1 


0 


COMM 


Selects communication interface board 


0 


0 


1 


DISP 


Enables the Display 


0 


0 


0 


I/O 


Enables the analog/PLL Interface 



select one of eight possible addressable devices or cir- 
cuits. These are the ROM (CE)j_the frequen cy syn the- 
izer (EN), the sample an d hold ( CS), the RAM (RAM ), the 
communication board (COMM), the display (DISP) and 
the analog/panel decoder (I/O). Table 4-2 shows the 
address for each of the these blocks. 

4.2.12 Sample and Hold 

A sample-and-hold section provides fou r analog voltages 
(VAMP, VOFST, VFREQ and VNULL) that control the 
function generator. This section consists of the DAO 
(digital-to-analog converter) (U32), the -10.24V 
reference for the DAO (U33A), and four sample-and-hold 
circuits (U35) that demultiplex the DAG output to provide 
four separate analog control voltages for the waveform 
generator board. 

4.2.12.1 Digital-to-Analog Converter (DAC) 

The 10-bit digital-to-analog converter, U32, which inter- 
faces directly to the latched data bus (LAD0-1_AD7), con- 
tains its own internal data latching registers. When the 
microprocessor transfers data into the DAC with CSlow 
and ADRO high, the negative transition of WR and XFER 
latches the most significant 8 bits from the data lines i^ 
the DAO’s internal register. A second transition of WR 
and XFER with both CS and ADRO low latches the least 
significant bits. The current output of the DAC (U32 pin 
12) is converted to a voltage output by operational 
amplifier U33B at pin 1 using feedback internal to the 
DAC at U32 pin 14. 



4.2.12.2 DAC Voltage Reference 

Since the DAC circuit provides an inverted program- 
mable portion of the reference voltage, the reference 
must be negative to get a positive output. This negative 
voltage is generated by operational amplifier U33A with 
a gain of - 0.681 . It uses the regulated -t- 1 5V power 
supply as its input. The reference voltage provides 
approximately a 1 0 mV step for each binary step of the 
DAC. 

4.2.12.3 Sample and Hold 

The microprocessor sequences the DAC through four 
discrete voltages at about 1 ms each (4 ms for a com- 
plete cycle). The four sample-and-hold circuits latch each 
of these analog voltages in turn to provide the four 
separate analog control voltages to the function 
generator board appearing at J6. In the following 
paragraph, component designations refer to the sample 
and hold circuit that generates VAMP which controls the 
amplitude on the waveform generator board. The other 
sample and hold circuits act similarly. 

Within a few microseconds after the appropriate voltage 
appears at the out put o f the DAC cl rcuit, the sample-and- 
hold control line (AMP) from the microprocessor U3 pin 
1 6 goes low and turns on the analog switch U34A. The 
DAC output charges the holding capacitor C79 until the 
control signal from the microprocessor U3 pin 1 6 turns 
analog switch U34A off in order to load U34B with its 
information. The analog switch’s high output impedance 
in the “off” state and the high input impedance of the 
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buffer at U35A maintain the voltage on the output of the 
circuit with negligible discharge until the next cycle 
selects this sampie-and-hoid circuit again. R61 and C80 
constitute a high frequency filter. 

The control lines for the four DAC circuits are: AMP (PI 3 
on microprocessor), which controls amplitude; OFST 
(P1 4 on microprocessor) which controls offset; FRQ (PI 5 
on microprocessor) which controls frequency; and)^ 
(P1 4 on microprocessor) which controls the VNULL input 
to the XY multiplier. When one of these control lines goes 
low, the appropriate analog circuit is driven by the DAC. 

DAC Programming 

Signal Function Source 

ADRO Controls byte Address Latch 

sequencing 

CS DAC Chip Select Address Decoder 

WR Write to Latch Inverted E Clock 

XFER Used with “Write to Inverted E Clock 

Latch’’ to transfer data 
to Dac Register 



4.2.13 Reset 

During initial power up, the clock generator is unstable 
for several cycles causing the internal state and I/O ports 
to be random. To prevent writing erroneous data into 
from RAM during this time, U7 is disabled. At power on, 
MR (pin 6 on the microprocessor) is low for a minimum 
of 20 ms as C2 charges. With MR low, the switches in 
U9(pins 1 , 2, 10 and 1 1)are open, and R1 8 forces RAM 
high, disabling U7. When C2 has charged to a predeter- 
mined level, MR goes high, the s witch es in U9 close, and 
U8 pin 12 is allowed to control RAM/. 

Pressing the RESET button directs the software to 
reinitialize all operating parameters to a predetermined 
setting. The reset circuit (U2) is not used during this 
operation. 



4.2.14 Standby 

To prevent excessive bat tery d rain as the instrument is 
powered down, U3 pin 7 (STBY) goes low to disable the 
microprocessor. However, in order for the micro- 
processor to stabilize during power up, STBY must go 
high at least 20ms before MR goes high. At power up, 
the -I- 5V supply pulls U1 A pin 3 to about 2,7V, while pin 
2 is held at about 2.5V by the reference circuit in U2 pin 
1. This causes U1A pin 1 to go high, enabling the 
microprocessor at STBY. When the instrument is 



powered down, the voltage at U 1 A pin 3 drops below the 
reference voltage at pin 2, causing the output at U 1 A pin 
1 to go low, shutting down the microprocessor. 



4.2.15 Battery Backup/Test: 

To maintain the last instrument set-up after power is 
removed, the supply voltage for the microprocessor (U3 
pin 21 ), RAM (U7 pin 24) and RAM select switch (U9 pin 
14) are backed up by a non-rechargeable 3V lithium 
battery(BTI) which holds BBV(Battery Backup Voltage) 
to about 2.8V. During the time that the instrument is 
operating, power is provided by the instrument’s -l- 5V 
supply. About 200mV is dropped across CR2, leaving 
about 4.8V for BBV. CR3 is reversed biased, blocking cur- 
rent between the supply voltage and BT1 . 

When instrument line power is removed, the -i- 5V supply 
falls below the 3V battery voltage which, through diode 
CR3, begins to supply the voltage necessary for data 
retention. Diode CR2 is reversed biased and prevents 
the battery from discharging through the rest of the 
circuit. 

The battery test, performed during either a power up or 
status check, insures that the battery is sufficiently 
charged. During t histest. the microprocessor loads the 
battery by pulling BLOAD (P23 on the microprocessor) 
low which draws between 70 and 1 00 fiA of current from 
the battery. If the battery voltage drops below 2.1 6V, the 
microprocessor will cause the display to read “BATTERY 
LOW!''. 



4.3 OPERATOR INTERFACE 

The operator interface consists of the front panel 
keyboard, knob assembly, display and display angle 
adjustment. 

4.3.1 Keyboard 

When a front panel key is pressed, the closed contact 
shorts that control line (which is input to the front panel 
interface) to ground. When the microprocessor causes 
the front panel interface to be strobed by the analog/ 
panel decoder, the logic level of the microprocessor con- 
trol lines (ADO through AD7)instructthe microprocessor 
to call the appropriate routine for the key pressed. 

4.3.2 Knob 

Effectively, the knob consists of two rotary switches with 
no starting or ending points. See paragraph 4.2.9 for a 
description of the knob and how it interfaces with the 
knob interrupt circuit. 
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4.3.3 Display 

The DISPLAY connector J1 0, links the 1 6 char acter x 
2 line display with the microprocessor. When DISP is 
brought low by the address decoder, the display is 
enabled through DE with each positive transition of the 
E clock. Being an intelligent device, the display is abie 
to receive and decode programming instructions (ADRO 
low) and data (ADRO high) from the 8 bit data bus (ADO 
through AD7). 

4.3.4 Display Angle Adjustment 

The display angle adjustment is a vernier that allows the 
user to adjust the viewing angle of the LCD to optimize 
display legibility. The vernier end terminals are con- 
nected through resistors on the microprocessor/syn- 
thesizer board to the + 5V and - 1 5V supplies. The wiper 
(DD), which has a voltage swing of +2Vto -2.5V is con- 
nected to the display by way of the microprocessor/ 
synthesizer board. 



4.4 REMOTE INTERFACE (OPTION 001 OR 002) 

The remote interface option allows the Model 23 to be 
controlled from an external source such as a computer 
or controller. Two interfaces are available, IEEE-488 
(GPIB)and RS-232-C. 



4.4.1 IEEE-488 Interface (Option 001) 

The IEEE-488 interface is located on the communication 
board mounted on the microprocessor/synthesizer 
board. Most of the IEEE-488 instrument bus protocol 
functions are handled by the General Purpose Interface 
Adapter (GPIA), a single 1C, U2. Data and control por- 
tions of the bus require high current driving capability 
and specific line termination which the Bus Drivers, U3 
and U4, provide. These two sections of the bus have dif- 
ferent requirements depending on whether the instru- 
ment is acting as a talker or a listener: the data 
transceiver, U3, always acts as a transmitter during talk 
modes and a receiver during listen modes, but the con- 
trol transceiver requires that some lines transmit while 
others receive in both of these modes. These different 
requirements are met by using different parts for each 
function (the 751 60A for data and the 751 61 A for control). 



The IEEE-488 Interface 1C, U2, meets all the handshak- 
ing requirements of the 1 978 IEEE-488 standard. When 
there is a pending interrupt, IRQ (U2 pin 40) is asserted 
low. This alerts the microprocessor of an interrupt con- 
dition, causing it to interrogate the eight registers inter- 



nal to U2. Data from the IEEE-488 bus (listen mode) is 
accessed by reading from the data registers in U2; data 
output (talk mode) is written to the same register location. 

4.4.1 .1 GPIB Address 

A 5 section DIP switch (SW1 ), selects the GPIB address 
for the instrument. Only binary 0-30 are valid settings. 
The address strobe enable line (ASE) from the interface 
1C, U2, controls the select line to U1 that enables the 
address switch , SW1 . The microprocessor can read this 
switch by reading the address register in U2, which 
causes U2 to set ASE low during the E-clock (data) por- 
tion of the microprocessor clock cycle. This address is 
not necessarily the address used by the interface 1C (U2); 
that address is stored in U2 by writing into the internal 
address register. The actual address of the instrument 
can be changed by front panel control, but will return to 
the address specified by the address switch during a 
microprocessor reset cycle (power-up). 



4.4.2 RS-232-C interface (Option 002) 

The RS-232-C interface is located on the communica- 
tion board mounted on the microprocessor/synthesizer 
board. Most of the instrument bus protocol functions are 
handled by the Asynchronous Communications Inter- 
face Adapter (ACIA), a single 1C, Ul.C SOand CSI (chip 
select) are both held high so that when COMM pulls CS2 
low, U1 isenabledtoeither readorwriteonthedatabus 
(ADO through AD7) . The RXD input line is used to enter 
the serial data. The RTS handshake line is asserted if the 
microprocessor’s internal data buffer is full. This 
prevents further data transmissions until the data in the 
buffer is processed. The TXD output is used to transmit 
the serial data when the CTS line is low. 

When R/W (Read/Write) is low, the ACIA receives data 
from microprocessor, but when high sends data to 
microprocessor. The Register Select (RS) line selects 
the transmit/receive registers in ACIA when high, and 
the control/status registers when low. The E Signal from 
microprocessor enables the bus input and output data 
buffers within the ACIA. Logic gates, U3and U4, provide 
signal conditioning between the bus and the ACIA. The 
transmit (TXCLK) and receive (RXCLK) clock inputs are 
connected together and originate from the Z output of 
bit rate generator U2. T ransmit is enabled on the negative 
transition and receive is enabled on the positive transi- 
tion. A crystal oscillator circuit consisting of Y1 , R1 , Cl 
and C2 drives U2. Because of the difference in baud rate 
of various equipment, the baud rate at the Z output is 
selectable through bit switch SW1 as shown in section 2. 
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4.5 FUNCTION GENERATOR GENERAL 
DESCRIPTION 

The function generator is a continuous loop which 
produces simultaneous triangle and square waveforms 
from 1 kHz to 12 MHz. Figure 4-6 shows the generator 
loop (bold arrows) and associated circuitry that will be 
discussed here. 

The VCG circuit (ref; schematic 0103-00-1455 sheet 1) 
produces two adjustable constant currents, I Source and 
I Sink, determined by the frequency control voltage 
(VFREQ) from the sample and hold section of the 
microprocessor/synthesizer board. These currents are 
alternately selected by the current switch to linearly 
charge or discharge one of four sets of range capacitors 



located in the frequency range switches circuit, produc- 
ing a triangular waveform. The generator frequency is 
determined by the magnitude of the I Source and I Sink 
currents and the value of the selected timing capacitor 
which they charge and discharge. The triangle buffer 
drives the comparator which compares each triangle 
peak against a reference voltage called the comparator 
threshold level, determined by the -i-COMP and 
- COMP currents from the high frequency compensa- 
tion circuit. When the triangle reaches this level, the com- 
parator switches output states, producing the square 
waveform. The high frequency compensation circuit 
proportionately decreases the comparator threshold 
level to compensate for time delays inherent in the loop 
at high frequencies. The state of the comparator output 




Figure 4-6. Function Generator Loop 
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determines the polarity of the switch buffer and therefore 
the polarity of the current switch and direction of 
charge/discharge current through the selected range 
capacitor. A second comparator output drives the 
square buffer which controls the trigger timing in the 
mode logic, drives the square selector, and is directed 
to the frequency synthesizer (microprocessor/synthe- 
sizer board) for possible use as the driver for the TTL and 
ECL outputs. Comparator outputs to the switch buffer 
and square buffer are 180 ° out of phase. 

The trigger logic circuit provides the instrument with trig- 
ger and gate capabilities. This circuit is digitally con- 
trolled by logic signals MCO, MCI and Trig Slope from 
the microprocessor/synthesizer board. The Trig In con- 
nector provides external trigger and gate capabilities. 

When the instrument is in synthesized mode, the 1 : 1 lock 
loop circuit compares square waves from the frequency 
synthesizer and square selector (in the output block cir- 
cuitry) to produce an instantaneous voltage at VLOOP 
which corrects the loop frequency. 



4.6 WAVEFORM GENERATOR DETAILED 
DESCRIPTION 

4.6.1 VCG 

The VCG amplifier (U23) converts control voltages from 
the VCG In connector (external control), VFREQ (front 
panel knob) and VLOOP (synthesized mode) into positive 
and negative currents that control the current source 
and sink circuits(U25) to set th e desired frequency within 
the selected frequency range. OVRNG provides an extra 

0.2mA to push the top range from 1 0MHz to 1 2MHz. 

The input stage acts as a summing amplifier. The con- 
trol voltage from the microprocessor/synthesizer board, 
VFREO develops a current through R83 and R84 into the 
summing node, pin 6 of U23. R83 and R84, with C66, also 
act as a filter for the VFREQ line to reduce the sample 
and hold switching noise. Any input voltage at the exter- 
nal VCG In connector contributes to the first stage out- 
put. CR29 and CR30 prevent excessive voltage at VCG 
IN from damaging the VCG amplifier. For frequencies 
between 10MHz and 12MHz, an overrange control, 
OVRNG, adds a fixed 0.2mA through R82 to increase the 
maximum voltage out of the first stage (or current out 
of the entire VCG circuit). A gain adjustment (R86) in the 
first stage is used to control the top-of-range frequency. 
R96 controls the first stage offset to zero the low end 
of the external VCG input. The output of the VCG 
amplifier, U23 pin 7, drives the variable current source 
and sink as well as the high-frequency compensation 
circuit. 



The current sources operate on the following principles: 

1 . The collector current of a transistor depends on its 
base current and current gain. It is relatively 
independent of collector load resistance. 

2. The base drive of a transistor can be adjusted to pro- 
vide a known reference current through a known 
collector resistance. 

3. This same base drive, applied to a second matched 
transistor, will cause the second transistor to have 
the same collector current as the first transistor. 

The voltage at U23pin 7, which is negative in proportion 
to the sum of all frequency inputs, is reduced by voltage 
divider R81 and R75, then applied to U23 pin 2. The dif- 
ference between the voltage at U23pin 1 and the - 15V 
supply, minus the voltage from U25 pin 1 to pin 2, divided 
by the 1KQ emitter resistor U27pins 1 to ISdetermines 
the amount of current flowing through current sink 
transistor U25 pin 3. When this collector current is cor- 
rect, the voltage at resistor U27 pin 15, and therefore 
U23 pin 3 is equal to the voltage at U23 pin 2, maintain- 
ing the input voltages of U23 pins 2 and 3 equal at 
equilibrium. The current in U25 pin 3 is duplicated in pins 
6, 9 and the collector of 021 . U25 pin 6 provides I sink 
to the generator loop. 

The current source operates in a similar manner, and 
tracks the current sink. Operational amplifier U23 pin 
8 drives transistor U25 pin 1 5 to whatever value collec- 
tor current is required to maintain a ‘‘virtual ground” at 
the junction of R27 pins 2 and 4. Since these two resistors 
are in series, their currents are equal (I Source^ef = 

1 Sink|-ef). The U25 pin 1 4 base drive is also applied to 
matched transistor U25 pins 1 0, 1 1 and 1 2 to generate 
the positive current source (I Source) for the generator 
loop. 

The current sink circuit also generates a current which 
is used to clamp the triangle node (TRN) at ground poten- 
tial during the ‘‘off state in the triggered and gated 
modes. The same transistor base drive that creates the 
negative current source (I Sink) is also applied to 
transistors U25 pin 8 and 01 , driving each transistor to 
a collector current equal to I Sink. The two collectors are 
connected in parallel to provide a current equal to twice 
the I Sink current source. This - 21 current is supplied 
through CR26 by the trigger circuit while the generator 
is gated ‘‘on” (RUN is high). 

When the generator is gated “off”, a negative voltage 
is applied to the CR26 anode. This transition always 
occurs at the negative peak of the triangle waveform, 
and the - 21 current is momentarily supplied by U22 pin 
3. As the triangle node rises toward ground potential, a 
greater proportion of the - 21 current flows through U22 
pin 1, Equilibrium is reached when the trigger holding 
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current is equal to the positive current (I Source) being 
supplied to the generator loop, and the triangle node 
voltage cannot rise any further. Since the matched 
diodes (U22) have equal currents through them and U22 
pin 4 is grounded, the voltage drops across the two 
diodes will also be equal and the triangle node will be 
held at ground potential. This stops the waveform as the 
rising edge of the triangle reaches OV and ensures that 
at least one complete cycle will be generated every time 
the generator is triggered. 

R88 adjusts the current source to precisely match the 
current sink and therefore maintain waveform symmetry. 
R70, which adjusts the low end frequency, sets the off- 
set of the positive current amplifier, U23 pin 1 0, to match 
the offset of the negative current amplifier, U23 pin 3. 
R73 adds or subtracts current through the reference 
string to balance symmetry at low currents. The 8.2V 
zener diodes, CR24 and CR25, allow U25 pins 14 and 
1 to approach the positive and negative supply rails 
respectively. Diodes CR23 and CR44 prevent latch-up 
in case the VCG circuit is overdriven by the sum of its 
inputs. 

4.6.2 Current Switch 

The current switch (ref : schematic 01 03-00-1 455 sheet 
2) which consists of the diode switches (CR10, 11,12, 

1 3), current source buffer (Q5) and current sink buffer 
(Q4) has three inputs and one output . The inputs are the 
positive and negative currents (buffered by Q4 and Q5) 
and the control voltage from the switch buffer. The ouf- 
put is the switched current that alternately allows the 
charging (I Source), and discharging (I Sink) of the 
selected frequency range capacitor (see Frequency 
Range Switches) to produce a triangle waveform. 

The current switch sources current buffered by Q5 (I 
Source), or sinks current buffered by Q4 (I Sink) at the 
switch output (junction of CR1 2 and CR1 3). The instan- 
taneous polarity of the Switch Buffer output control line 
(junction of R33 and R34) determines the direction of 
current flow. 

With the control line positive ( -f 2V), CR1 1 and CR1 2 are 
reverse biased and I Source current through CR13 
linearly charges the selected timing capacitor. At the 
same time, current flows from the control line through 
CR1 0 into the current sink. With the control line negative 
( - 2V), CR10 and CR13 are reverse biased. The timing 
capacitor linearly discharges through CR1 2 to the cur- 
rent sink and current is sourced through CR1 1 into the 
control line. 

4.6.3 Frequency Range Switches 

The frequency range switches (ref; schematic 
01 03-00-1 455 sheet 2) consist of the three basic range 



capacitors and their controls. Each range capacitor or 
set of capacitors normally covers 10% to 1 00% of full 
scale of its related decade frequency range. As the fre- 
quency is changed, a logic level signal from the analog 
interface (Microprocessor/Synthesizer Board) auto- 
maticall^steps the ranges up or down. For example, 
when FR6 goes low, it turns on Q1 which sources about 
30 mA through R1 1 and diodes CR5 and CR8. With CR8 
forward biased, f he diode’s impedance to ground is less 
than 2Q and the range capacitor set (C26, C29 and C38) 
is effectively connected to ground. When this range is 
not selected, FR6 is high, Q1 is turned off and R9 pulls 
the anode of CR5 to - 1 5V. The voltage divider, R4 and 
R8, brings the anode of CR8 to - 7.5V through the 1 0 
MQ resistor R5, reverse-biasing CR8. This provides a 
very high impedance, disconnecting the range capacitor. 
Frequency range control lines (FR4 and FTO) operate 
in the same way connecting selected capacitors C27 
(0.1 juF) and C28 (0.01 /iF) to the TRN line. 

Capacitance for the highest frequency range consists 
of all the stray capacitance at the triangle node added 
to C25 and C37 (the 1 MFIz bottom of range adjustment 
capacitor). 

4.6.4 Triangle Buffer 

The triangle buffer (ref: schematic 01 03-00-1 455 sheet 
2) consisting of Q6, Q7, Q9 and associated components, 
is a high speed, high impedance input FET voltage 
follower with a low impedance emitter follower output 
and unity gain. It buffers the current switch and selected 
frequency range capacitor from low input impedance cir- 
cuits in the output block and the comparator. The 
difference between the input and output voltages is con- 
trolled by baseline (TRIG BL) adjustment R26. This trim 
pot sets thecurrent through Q7, and therefore Q6, such 
that the gate-source voltage of Q6 plus the drop across 
CR9 is equal and opposite to the base-emitter drop of 
Q9, causing the two voltages to cancel each other. 

4.6.5 Comparator 

The comparator (ref: schematic 01 03-00-1 1 1 6 sheet 2) 
which is made up of current source Q8 and differential 
pairs Q12/Q13 and Q14/Q15, detects the peak of the 
triangle and produces two square wave outputs. One 
square wave output from the comparator (01 5 collec- 
tor) drives the switch buffer, while a second square wave 
of opposite phase (014 collector) drives the square 
buffer. Output transistors 01 4 and 01 5 have different 
values of collector and emitter resistors to match the 
input requirements of the buffer that each drives. The 
comparator's threshold voltage is developed by the 
positive ( + COMP) or negative ( - COMP) current from 
the high frequency compensation circuit. The 
appropriate current is selected by switch U22, and the 



4-12 




voltage drop across R48 created by this current 
becomes the comparator threshold voltage. 

As the triangle voltage at the base of Q1 3 reaches the 
positive threshold voltage ( + 1 V) set by U22 pin 2, Q1 3 
turns on as Q1 2 turns off. When Q1 2 and Q1 3 switch, 
they also cause the second differential pair, Q14 and 
Q1 5, to switch. As Q1 5 switches “off", current through 
R38 decreases and the collector of Q1 5 goes low (about 

- 1 .6V as determined by R35). The switch buffer, driven 
by this negative voltage, switches the threshold voltage 
at the base of Q1 2 from + 1 V to - 1 V and causes the 
triangle to switch from a rising to a falling slope. As the 
triangle voltage at the base of Q1 3 reaches the negative 
threshold, both differential pairs switch states, turning 
on Q1 2 and forcing the collector of Q1 5 high as it also 
turns on. Thus the triangle is switched to its rising slope 
and the threshold voltage is reset to + 1V. In this manner, 
triangle and square waveforms are continuously 
generated in a loop, 

CR57 and CR58 increase the transistor switching speed 
of Q1 4 and Q1 5 by limiting the signal swing at their bases 
to about 0.7V. Resistors R39 and R41 increase the 
switching speed of Q1 4 and Q1 5 by providing a small cur- 
rent which keeps them from turning entirely off, and 
diodes CR1 8and CR1 9 are switched on and off to further 
guarantee that Q1 4 and Q1 5 do not switch off. 

Diode array (U22 at pins 5, 6, 8), operates in a similar 
manner to the current switch. The switch buffer output 
(U22 pin 6) state determines the polarity of the com- 
parator threshold at pin 2. The comparator threshold 
voltage at pin 2 is limited to ± 1 V by the voltage drop 
across the 332Q resistor (R48) since the -I- COMP and 

- COMP currents supply no more than 3 mA. The high 
frequency compensation circuit reduces the -l- COMP 
and - COMP currents on the highest frequency range 
which lowers the comparator threshold voltage at the 
base of 012 to compensate for switching delays (see 
High Frequency Compensation). 



4.6.6 Switch Buffer 

The switch buffer (ref; schematic 0103-00-1455 sheet 
2) shifts the level of the comparator’s square wave to 
provide a voltage excursion ( ± 2.2V) capable of driving 
the two current switches in the generator loop. The cir- 
cuit consists of a push-pull emitter follower (01 0, 01 1 ) 
biased on by the voltage drops across CR16 and CR17 
and controlled by the comparator output at the collec- 
tor of 015. The ±2.2V square wave output simul- 
taneously controls the current switch in the generator 
loop and the polarity of the comparator threshold voltage. 



4.6.7 High Frequency Compensation 

The High Frequency Compensation (ref: schematic 
01 03-00-1 455 sheet 1 ) circuit decreases both triangle 
peak levels on the highest frequency range to compen- 
sate for comparator switching delays. This is 
accomplished by adjusting two constant currents 
(4- COMP and - COMP) in proportion to the prog rammed 
frequency. These currents develop the generator loop 
comparator threshold voltage by alternately flowing 
through R48 in the comparator circuit. 

From the lowest frequency through 999kHz, U26 pin 1 0 
is open, leaving R66 disconnected. R67 holds U23 pins 
1 2 and 1 3 and the emitter of 020 at O.OV. This puts 1 5V 
across series resistors R62 and R65 and - 6.8V at the 
base of 018. 7.5V is now across R63 and 018 has a 
collector current of 3mA. The same current that flows 
through R65 also flows through R60. Since about 1 ,4V 
is dropped across CR72 and CR73, there will be about 
+ 6.8V at the base of 01 9. The emitter of 01 9 is + 7.5V 
which causes about 3.0mA to flow from the collector of 
019 through U22 and R48 to ground during half of the 
cycle setting up a -F 1 V threshold voltage at the base of 
01 2. On the opposite half of the cycle, the base of 01 2 
switches to - 1 V because the same amount of current 
(3.0mA) flows from ground through R48 and U22 to the 
collector of 018. 

In the 1 MHz to 12MHz frequency range, U26 pin 10 is 
connected to R66. At top of the range, 0.2mA is sourced 
from ground through R67 to pin 7 of U23 (in the VCG), 
lowering the voltage at U23 pin 1 2 to about - 8.8V. This 
decreases the voltage at the emitter of 020, as well as 
the current through R62, R65, and R60 which forces the 
bases of 019 and 01 8 closer to their respective power 
supply voltages. The current through R48, the collectors 
of 01 9 and 01 8, and the threshold voltage at the base 
of 012 are all decreased. This new lower threshold 
voltage causes the square wave to switch earlier than 
normal, maintaining the triangle peaks at thesame levels 
as on lower ranges. If the generator is not at full scale, 
a voltage inversely proportional to the frequency is set 
at the base of 012. 



4.6.8 Square Buffer 

The square buffer consisting of 016 and 017, and 
associated circuits (ref: schematic 01 03-00-1 455 sheet 
2) buffers the square wave from the function generator 
loop (01 4 collector). The output (SWSOR) drives the trig- 
ger logic, low frequency waveform synthesizer, and 
square selector . The square buffer is similar to the switch 
buffer (ref; paragraph 4.6.6) except for output phasing 
and output level. Square buffer output isTTLcompatible. 
A highly differentiated portion of HFSQ is coupled 
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through C49 to the triangle node . This signal counteracts 
switching transients which are coupled through the cur- 
rent switch diode bridge. 

4.6.9 Trigger Logic 

The trigger logic circuit (ref; schematic 0103-00-1455 
sheet 3) allows the function generator loop to be trig- 
gered or gated from an external TTL signal. When the 
trigger circuit is enabled by a logic high on the MCO line 
and no trigger input has occurred, the generator is 
prevented from running by sinking away current (Ref. 
paragraph 4.6.1 ) from the triangle node (TRN) that would 
normally charge the timing capacitor. Selection of trig- 
gered or gated mode is determined by logic line MCI , 
which is low for triggered mode, high for gated mode. 
T riggering the g enerator releases TRN which allows the 
loop to run until SWSQR completes one complete cycle 
(triggered mode) or until the trigger signal is released 
and the last cycle begun is completed (gated mode). In 
addition, the waveform synthesizer output at U2 pin 1 1 
must also be high to stop t he ge nerator when the Fre- 
quency is 1 .1 kHz or lower. KILL inhibits the generator 
when in DC function. 

The following paragraphs describe the relationship in 
various conditions relative to the trigger logic. 

Continuous Mode: in Continuous Mode, U18 pin 1 
(MCO) is low which holds U1 8 pin 3 lo w and sets U1 0 pin 
5 high. If DC function is not selected, KILL(U2pin9and 
U3pin 4) will be high and U2 pin 8(U3 pin 1)will be low. 
With U3 pin 1 low and pin 4 high, U3 pin 6(RUN) is cleared 
high allowing the generator to free-run. 

Trig Mode: In trigger mode, U9 pin 4 (MCI) is held low, 
forcing U9 pin 6 high and U1 8 pin 1 (MCO) is h eld high, 
making U1 0 pin 4 high. The square wave output, SWSQR 
toggles high or lo w with eac h half cycle. For this portion 
of the discussion, SWSQR (U2 pin 5) is low, making U2 
pin 6 high. TRIG EN (U9 pin 1 0) from the microprocessor 
remains high except during a TRIG SLOPE change. With 
U9pin 10 high, U9 pin 8 is low and U10 pin 1 goes high. 
Thus, LI10 pins 1 and 4 are neither set nor cleared. 

There are 4 possible combinations of the TRIG SLOPE 
control line (U1 1 pin 1) and Trig In connector (U1 1 pin 
2) which control U 1 1 pin 3. These will be explained later, 
but for this discussion U1 1 pin 3 is high. Since U1 1 pin 
3, and U1 0 pins 1 and 4 are all high, pin 5 (Q) remains 
high. With the generator in a function other than DC, U2 
pin 9 (KILL) is high and U3 pin 1 is low. For frequencies 
greater than 1 kHz, LF (U2 pin 1 ) is low and U2 pin 3 high. 
With U3 pin 1 low and pin 4 high, U3pin 6(RUN) remains 
high and the generator loop continues to run. 

When SWSQR toggles high, U2 pin 6 goes low, U9 pin 
8switches high and UlOpin 1 isdriven low. This forces 



U 1 0 pin 5 low and U2 pin 8 high. As before, U3 pin 6 does 
not change, and the generator loop continues to run. 
However, U3 pins 1 and 4 are now neither set nor 
cleared. This arms the clock input for a rising edge, 
making the Q output opposite of the D input, which is held 
high by the low on U2 pin 1 . 

Qn the next transition of SWSQR, U2 pin 5 goes from high 
to low and U2 pin 6 goes low to high, clocking U3 pin 3 
and making U3 pin 6 (RUN) go low. This disables the 
generator loop as the positive slope o f the triangle 
reaches 0 volts. On this phase of SWSQR , U9 pi n 8 goes 
low and U1 0 pin 1 goes high, arming U 1 0 pin 3 for a ris- 
ing edge clock. 

GeneratorTrlggering: The triggering path is from U1 1 
pin 3 (UlOpin 3) through UlOpin 5, U2 pin 8 and U3pin 
6. The generator is triggered with a pulse at either of the 
two trigger sources. These are the Trig I n connector (U 1 1 
pin 2) from the front panel and the TRIG SLOPE control 
line (U11 pin 1) from the microprocessor. The four 
possible combinations of U1 1 pins 1 and 2 are shown 
below, along with the result at pin 3. U1 1 pin 1 is low tor 
Positive Trigger Slope and high for Negative Trigger 



Slope. 
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The trigger source pulse must produce a positive going 



transition at U1 1 pin 3(and therefore U1 0 pin 3). To insure 
that U1 0 pin 5 toggles high, a complete cycle of the trig- 
ger source is desired. When U1 1 pin 3 makes a positive 
transition, U 1 0 pin 5 goes high and U2 pin 8 toggles low, 
switching RUN high and allowing the generator to cycle. 
When the triangle reaches its positive peak, SWSQR 
toggles high, making U9 pin 9 low, pin 8 high and U10 
pin 1 low. This forces U1 0 pin 5 lo w and U3 pin 1 high. 
Qn the next transition of SWSQR, U2 pin 6 goes high, 
causing U3 pin 6 to return low, disabling the generator 
as the positive slope of triangle reaches 0 volts. Qnly one 
cycle of generator output is enabled for each trigger 
pulse applied. 

Gated Mode: The trigger mode description should be 
read and understood prior to reading this paragraph 
because all logic levels previously discussed apply here 
except for U9 pin 4 (MCI ). In gate mode, the generator 
output is continuously enabled for the entire duration of 
the applied trigger signal. MCI is high and the levels at 
U9 pin 6 and U1 8 pin 3 are inverted with respect to U1 1 
pin 3. This becomes the alternate triggering path 
between U11 pin 3 and UlOpin 5. When U1 1 pin 3 goes 
high, U10pin4switches low which forces pin5high. U2 
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pin 8 goes low and U3 pin 6 (RUN) toggles high, allowing 
the generator to oscillate. U10pin5and U3pin6(RUN) 
will remain high as long as U1 1 pin 3 is high. 

Manual Trigger: Bus or front panel manual triggering 
is accomplished by maintaining TRIG EN high while 
toggling the TRIG SLOPE line to the opposite state, then 
back to the original state. This will always produce a clock 
transition at U10 pin 3. 

Slope Change: When a slope change is to be made, the 
TRIG EN line from the microprocessor goes low to pre- 
vent the slope change from spuriously triggering the 
generator in trigger mode. If the change is made with 
the generator quiescent, U9 pin 9 is high, making U9 pin 
8 high and UtOpin 1 low. Because U10 pin4 is always 
high, a low at pint maintains U10 pin 5 low, regardless 
of what occurs at pin 3 due to a change at U1 1 pins 1 
and 2. When the slope change has been completed, TRIG 
EN (U9 pin 10) returns high, allowing a trigger from U1T 
pin 3 to pull U10 pin 5 high. 

Low Frequency: When the Frequency range is 1 .1 kHz 
or lower, the trigger logic works much the same as 
previously described, except that U3 pin 2 must be 
brought high to stop the generator. This occurs at either 
the zero crossing of the rising edge of the triangle (Haver 
Off), or at the negative peak of the triangle (Haver On). 
If Haver is Off, U20 pin 9 (Waveform Synthesizer) func- 
tions as a zero crossing detector that controls the trigger 
logic. If Haver is on, U5 (Waveform Synthesizer) acts as 
a negative peak detector. U2 pin 1 1 goes low in either 
condition until a detector is satisfied. With U2 pin Tl^high, 
the next positive transition at U10 pin 1 1 forces Q(U10 
pin 8) low. For the 5 lowest frequency ranges, LF (U2 
pin 1) is high, making pin 3 high and causing U2 pin 3 
to go low. As long as U2 pin 3 is low, the generator will 
run continuously once triggered on. The generator can 
therefore be stopped at the end of a 1 000 point synthe- 
sized waveform by controlling this line. 

Haver Off: When Haver is Off, HAV(U19pin 13)is low, 
which disables U5 and maintains U2pin 1 3 high. The zero 
crossing detector (U20 pin 9) controls the trigger logic; 
see Low Frequency above. 

Haver On: When Haver is on, U1 9 pin 1 3 (HAV) is high 
which disables the zero crossing detector (U20 pin 9). 
Thus, with HAV high, U5 pin 6 detects the negative peak 
and controls the trigger logic. 

DC Function: DC function overrides any other signal 
used to control the trigger logic circuit. W hen D C is 
selected, the microprocessor forces U2 pin 9 (Kl LL) low. 
This causes U3 pin 6 (RUN) to also go low, disabling the 
generator loop as the positive slope of the triangle 
reaches 0 volts. 



4.7 FREQUENCY SYNTHESIZER 

The frequency synthesizer (ref: schematic 01 03-00-1 454 
sheet 2) is shown in figure 4-7 and includes the internal 
functions of the PLL 1C, U22. These functions include 
the reference oscillator, reference divider (-6144), 
variable divider (-N), phase detector and internal 
registers and latches. When in synthesizer mode, the fre- 
quency synthesizer generates the signal used to inter- 
nally clock the function generator loop. The Phased 
Locked Loop (PLL) within the frequency synthesizer (bold 
arrows) consists of the PLL 1C U22, Low Pass Filter (LPF) 
U23A, 2 pole filter U23B, 32-64 MHz VCO (Q5 through 
QIO), divider U25 and U26, and selector U24. The PLL 
circuit operates over the frequency range of 1MHz to 
16MHz in 1kHz steps and 16MHz to 32MHz in 2kHz 
steps. 

The PLL circuit as a whole operates in the following 
manner: 

1 . The phase detector compares the frequency and 
phase of the variable ( N) divider output to a fixed 
1 kHz reference frequency from the reference 
( - 6144) divider. 

2. The phase detector, loop filter and 2 pole filter 
generate a dc VCO control voltage that changes as 
required to drive the VCO frequency to exactly N 
times the 1 kHz reference. When this occurs, the 
outputs of the reference ( ^ 61 44) and variable ( - N) 
dividers are at the same frequency and phase, lock- 
ing the loop. 

3. The VCO output frequency at the emitter of 01 0 is 
prescaled by five ^ 2 series flip-flops, U25and U26. 
The programmable selector (U24) selects the 
appropriate signal to be input to the variable ( - N) 
divider (U22 pin 9). The divider output is applied to 
one input of the phase detector. 

4 The loop will remain locked with the VCO at a given 
frequency until the variable division ratio N is 
changed. 

The reference oscillator uses an external crystal (Y1 ) to 
generate a 6.144 MHz reference frequency. The 
reference divider is hard-wired (at pins 1 , 2 and 1 8) for 
a division ratio of 6144. The 6.144 MHz reference fre- 
quency is divided by 6144, and the resulting 1 kHz 
reference is applied to one input of the internal phase 
detector. The variable divider ( - N) is programmed by 
serial data at the pin 1 1 DATA input. This data is clocked 
into a 1 6-bit internal shift register by low-to-high transi- 
tions on the pin 10 CLK line. The first two bits control 
internal switches which are used to control the prescaler 
selector U24. The remaining 14 bits are a binary 
representation of the - N division ratio, and are loaded 
most significant bit first. When the serial load is com- 
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plete, a logic high on the pin 1 2 EN line latches the data 
in the shift register into the programmable N counter. 
The output of the - N counter is applied to the second 
input of the internal phase detector, and is also at 1 kHz 
when the loop is locked. 

A high on the SYNTH line (originated by the micro- 
processor and latched by data latch U14) brings the 
collector of Q11 low, disabling the synthesizer and 
initializing the 2 dividers by clearing all of the internal 
flip-flops. When frequency synthesizer mode is selected, 
this line goes low and the flip-flops are enabled. 

The internal phase detector is a digital tri-state device. 
It produces negative-going pulses when the variable fre- 
quency is greater than the reference frequency or is 
leading it in phase, and positive-going pulses when the 
variable frequency is less than the reference frequency 
or is lagging in phase. The output is in a high-impedance 
state when the two signals are of equal frequency and 
phase. 

Loop filter U23A converts the positive-going and 
negative-going pulses from the U22 phase detector to 
a steady dc frequency control voltage. The filter time 
constant is determined by C32 and R30, and damping 
by R33. A high frequency bypass capacitor (C33) is used 
to reduce noise in the filter. The voltage divider consisting 
of R31 and R32 sets the voltage at U23A input pins 2 and 
3 to 1.25 Vdc. 



The VCO siOTal is divided by the selected prescalar ratio 
(between 2^ and 2^) in U25 and U26 to yield the desired 
output frequency. This allows a one octave of change 
of 32 to 64 MHz to produce a 1MHz to 16MHz frequency 
range. 

The same signal which provides the loop input to the ^ N 
divider at U22 pin 9 is sent from U24 pin 5 to the 
divider/selector circuits U28through U31 .Thissignal is 
divided by three - lOseries counters, U28andU29.The 
programmable selector (U30/U31) selects the 
appropriate signal to be input to the 1 :1 lock loop (ref; 
paragraph 4.8) as FSYNTH. 

The sync select, U27 selects one of four signals to drive 
both the TTL and ECL sync outputs. The output is deter- 
mined by the logic levels of SA and SB from U1 4 of the 
analog interface. For frequencies less than 1kHz, the 
square selector on the waveform generator board 
chooses the square wave from the waveform syn- 
thesizer, which enters the microprocessor/synthesizer 
board as FGSYNC. Between 1 kHz and 1 2MHz, the coax 
cable FSYNTH provides the sync drive signal. From 
12MHz to 16MHz, U27 selects pin 14, and from 16MHz 
to 32MHz pin 13 is selected. The output, SYNC, goes 
directly to the sync out drivers on the waveform 
generator board. 

4.8 1:1 LOCK LOOP 



Two pole filter U23B further reduces the noise on the 
dc voltage before applying it to the VCO. 

At the input of the VCO are 5 voltage controlled varactor 
diodes which determine the instantaneous frequency of 
the tuned circuit (Q5/Q6, L1/L2). The output of this 
oscillator, through R42, drives the buffer amplifier con- 
sisting of 07 through QIO. 

The output frequency is established by the value of the 
inductors and the capacitance of the varactor diodes 
which vary with the voltage applied at R38. Output fre- 
quency increases with an increase in the frequency con- 
trol voltage. 



When the synthesized mode is selected, the 1 : 1 lock loop 
provides a correction voltage (VLOOP) to the VCG which 
maintains the function generator loop frequency within 
the synthesized frequency specification. This is done by 
monitoring the frequency stable input from the frequency 
synthesizer (FSYNTH) and the function generator loop 
frequency (HFSO), then providing an instantaneous dc 
voltage at VLOOP to increase or decrease the HFSO fre- 
quency until it matches the FSYNTH frequency. 

As shown in figure 4-8, the 1 :1 lock loop consists of a 
phase detector (U29), charge pump(U28) and switchable 
low pass filter (U32). The phase detector monitors the 
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Figure 4-8. 1 :1 Lock Loop 
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FSYNTH (R) and HFSQ (V) inputs, then provides one of 
three possible output combinations of <t>R and <)>V. These 
outputs are either more positive (FI) or more negative (L) 
than the reference voltage of + 1 ,4V at the phase detec- 
tor output (U29 pins 8 and 9). The conditions for each 
possible combination of ijiR and <t>V are as follows: 



CONDITION 

Frequency Equal: 

In phase 
ip leads <}>V 
't’R lags <t>v 



<|>R IV 



1 (H) 1 (H) 

Neg. Pulse (L) 1 (FI) 

1 (F() Neg. Pulse (L) 



Frequency Unequal: 



i>R > 0 (L) 1 (H) 

< <t>V 1 (H) 0 (L) 

For the remainder of this discussion, refer to figure 4-9 
and schematic 01 03-00-1 455 sheet 6. The bases of Q42 
and Q43 are set at + 5V and - 5V respectively, and con- 
stant currents flow through the following points in the 
charge pump circuit: 

Point Current (mA) 



R190 3.88 

Q43 collector 2.88 

U28pin3 1.0 

U28pin9 1.0 



Depending on the combination of ijiR and <t>V, the total 
amount of current flowing through U28 pins 6 and 1 2 can 
be 0mA, 1 mA or 2mA. This current is tapped from the 
3.88mA that originates from the -f 1 5V supply through 
R190. When frequency lock is established, it>R and <(>V 
are both high . U28 pin 5 sinks 1 mA from the -F 1 5V supply 
through CR41 and R1 89, which satisfies the 1 mA require- 
ment of U28 pin 3. U28 pin 1 2 sinks an additional 1 mA 
from R1 90 to satisfy the 1 mA requirement of U28 pin 9. 
A total of 2.88mA from R1 90 remains to flow through Q42, 
with Q43 taking it all and leaving no current to be supplied 
to or drawn from f he selected low pass filter components 
at the gate of Q44. Thus, the voltage at the gate of Q44 
is not charged up or down. 



When <t>R is low and <)>V is high, U28 pins 5 and 1 1 each 
sink 1mA from CR41 and R189, satisfying the 1mA 
requirements of U28 pins 3 and 9. No current flows 
through U28pins 6 and 1 2 because these transistors are 
now off. This means that all the current supplied by R1 90 
(3.88mA) flows through Q42. Because Q43 can only 
accept 2.88mA, the excess (1 mA) flows into the selected 
flow pass filter components at the gate of Q44, charg- 
ing this point positive. 

When <j>R is high and <t>V is low, no current flows through 
U28 pins 5 and 1 1 because these transistors are now 
off. U28 pins 6 and 12 each sink 1mA through R190, 
satisfying the 1mA requirements of U28 pins 3 and 9. 
Because U28 draws a total of 2mA from R190, only 
1 88mA is left to flow through Q42. The additional 1 mA 
needed to satisfy the 2.88mA requirement of Q43 is 
drawn from the selected low pass filter components at 
the gate of Q44, charging this point negative. 

The low pass filter section contains three switchable 
filters and one fixed filter to dampen the charge pump 
output signal and provide a dc voltage at VLOOP. In each 
of the three switchabl e ranges (4, 5 and 6), the respec- 
tive digital control line (FR4, FR5 and FR6) goes low, con- 
necting an R/C filter. In the highest range (7), only the 
fixed filter consisting of R194, Cl 08 and Cl 09 (and any 
stray capacitance in the circuit) is connected. This filter 
has negligible effect on the other three ranges. FET Q44 
provides a high input impedance to the filter and charge 
pump circuits, while Q45 in an emitter follower configura- 
tion, provides a low impedance to the VCG at VLOOP. 

4.9 WAVEFORM SYNTHESIZER 

The waveform synthesizer produces the digitally syn- 
thesized waveforms for the Func Out at frequencies 1 
kFIz and below. It consists of seven circuits: h- i / -h 1 00 
counter, h-iooO up/down counter, data selector, 
waveform EPROM, latch, and DAC, as shown in figure 
4-10 and schematic 0103-00-1455 sheet 3. 




U7 U14 U21 

Figure 4-10. Waveform Synthesizer Block Diagram 



4-19 









Table 4-3. Internal Reference Selection 



Frequency Range 


Generator Loop 
Frequency (HFSQ) 


-rlZ-i-lOO 


Medium Frequency 
Square Wave (MFSQ) 


.100 to 1.000 kHz 


.100 to 1.000 MHz 


-1 


.100 to 1.000 MHz 


10.0 to 99.9 Hz 


10.0 to 99.9 kHz 


-1 


10.0 to 99.9 kHz 


1 .00 to 9.99 Hz 


1 .00 to 9.99 kHz 


-^1 


1.00 to 9.99 kHz 


.100 to .999 Hz 


10.0 to .999 kHz 


-100 


.100 to .999 kHz 


10.0 to 99.9 mHz 


1 .00 to 9.99 kHz 


-f-100 


10.0 to 99.9 Hz 



The output frequency of the synthesizer is 1 /1 000 of the 
range selected. In addition, in the 2 lowest ranges, h- lOO 
is low, further dividing this signal by 100. 

The internal refe rence o riginates from the function 
generator loop at SWSQR and clocks the 9-bit up/down 
counter. This signal must pass through the -h 1 / 1 00 
divider (U16; ref: schematic 0103-00-1455 sheet 3) 
where the frequency is either divided by 1 or 100, 
depending upon the selected frequency range, see table 
4-3. 

The 9-bit up/down counter (U4, U6, and U 1 3) counts from 
0 to 499, then reverses and counts from 499 to 0. The 
counter steeringcircuit(U5, U1 1, and U 12) watches for 
the top and bottom counts, then reverses the direction 
of the counter. When the counter increments, U3 pin 1 2 
is low and pin 8 is high. At the top count, U19 pin 10 
toggles high, disabling the counter for one cycle. Also 
at the top count, U3 pin 12 goes high and on the next 
clock pulse from MFSQ, U3 pin 8 (the counter up/down 
control line) goes low, causing the counter to begin to 
decrement, returning U1 9 pin 10 to its original low state. 
At the bottom count, U1 9 pin 10 again goes high, dis- 
abling the counter for one cycle. U3 pin 1 2 goes low, and 
on the next clock pulse from MFSQ, U3pin8goes high, 
causing the counter to begin to increment. U1 9 pin 1 0 
again returns low. 

The counter output drives the inputs of EPROM (U7) 
which contains the data needed to produce the sine, 
triangle, ramp up, and ramp down waveforms. The status 
of lines FSOand FS1 determine the waveform by select- 
ing which block of data as accessed; see table 4-4. For 
sine and triangle waves, the EPROM produces one half 
cycle, negative to positive peak, on the up count (0 to 
499), then uses the same data in reverse, positive to 
negative peak, on the down count (499 to 0). The data 
from the EPROM (U7), is latched through U14 to DAC 
U21. 



Table 4-4. EPROM Control Lines 



FSO 


FS1 


Function 


0 


0 


DC 


0 


0 


Sine wave 


0 


1 


Triangle 


1 


0 


Ramp up 


1 


1 


Ramp down 



The DAC converts the data from the EPROM into a cur- 
rent, SYNTH SIG, for the function selector. 

The synthesizer can also produce ramp up and ramp 
down waveforms. These ramps are stored in the EPROM 
(U7), as are the sine and triangle waveforms. To produce 
the ramps, the line FSO goes high. The line FS1 selects 
either the ramp up (FS1 low) or ramp down (FS1 high). 
In generating the ramps, the up/down counter functions 
the same as it does for triangles and sine waves; count- 
ing 0 to 499 and 499 to 0, except that the least signifi- 
cant bit to the EPROM is controlled by the data selector 
(U11 , U18). The U/D line (U3 pin 9) is the complement 
of the line that causes the counter to count up or down. 
When counting up, U/D is low, which holds the least 
significant bit low. This allows only even addresses to 
be accessed. When counting down, U/D is high, the least 
significant bit is held high, and only odd addresses are 
accessed. 

Divider (U 17) is the 100 counter and U1 6 selects either 
H- 1 or 100 for the waveform synthesizer block. 

4.1 0 OUTPUT BLOCK GENERAL DESCRIPTION 

The output block, shown in figure 4-1 1 , consists of the 
square selector, square shaper, sine converter, function 
selector, preamplifier, XY multiplier, output amplifier, 
and attenuator. It selects, amplifies and provides offset 
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Figure 4-1 1 . Output Block 



for the appropriate waveform before reaching the Func 
Out connector. 

The function selector circuit chooses the triangle wave 
(TRI) from the function generator, the waveform 
synthesizer output (SYNTH SIG, for frequencies of 1 kHz 
and below, not square function), or sine wave derived 
from the triangle wave by a sine converter in the func- 
tion selector circuit. The output of the function selector 
is buffered by the preamplifier before entering the XY 
multiplier. If square function is selected, the square 
signal from the square selector is modified by the square 
shaper which drives the XY multiplier. For frequencies 
of 1 kHz and below, the waveform synthesizer square 
wave output at U4 pin 6 is selected by the square selec- 
tor. The X-Y multiplier circuit takes the output from the 
preamplifier or square shaper, then varies the waveform 
amplitude in proportion to amplitude control voltages 
VAMP and VNULL from the sample and hold section of 
the microprocessor board. 

The output amplifier provides the final gain and output 
drive capabilities for the waveform, and sums offset 



signal (VOFST) into the waveform as required. The 
attenuator provides 20 dB and 40 dB of attenuation for 
the output waveform before reaching the Func Out 
connector. 

4.1 1 OUTPUT BLOCK DETAILED DESCRIPTION 
4.11.1 Sine Converter 

The sine converter, which is part of the function selec- 
tor (ref: schematic 01 03-00-1 455, sheet 4), transforms 
the triangle waveform into a sine wave by using the 
logarithmic response characteristics of the six matched 
diodes (CR66, CR67, CR68, CR69, CR70, CR71) to 
approximate a sine wave current output. The triangle out- 
put (TRI) enters the converter at R1 16. SIN DIST A trim 
pot (R113) adjusts the converter input for triangle 
amplitude variation. Two other adjustments, SIN DIST 
B and Si N DIST C (R 1 00 and R1 05), balance the positive 
and negative peaks respectively. The SIN OFST trim pot 
dc balances the sine output waveform. Current output 
is switched through U30 when SIN is low. 
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4.11.2 Function Selector 

The control lines LF, STN and TrI at the function selec- 
tor circuit (ref ; schematic 01 03-00-1 455, sheet 4) deter- 
mine which waveform is connected to the preamplifier 
input by the 4 section CMOS analog switch U30. Respec- 
tively, these are the waveform synthesizer output signal 
(SYNTH SIG), sine convertor output and triangle (TRI). 
For square selection, refer to Square Shaper paragraph 
4.11.6. 

In this description of the analog switch, component 
designations refer to the section that controls the triangle 
signal. Except for signal names and component 
numbers, the 2 remaining sections are identical and need 
no further discussion. When the triangle signal (TRI) is 
selected, TRI goes low, which connects pins 1 0 and 1 1 
together by turning on a mosfet. Digital noise on the con- 
trol line (which could be coupled to the output through 
the mosfet gate capacitance when the analog switch is 
open) is reduced by C84 and C88. T ri Level trim pot (R1 61 ) 
adjusts the triangle waveform current that enters the 
analog switch. 

When either the triangle or sine waveforms are not 
selected, the FET switches (U30) are provided with 
increased isolation by shorting the inputs to ground 
through Q25 and Q27 respectively. For example, when 
TRI is high (not selected), Q26 is turned off and the 
collector of Q26 goes low, forward biasing Q25. This 
effectively shorts the emitter and collector of Q25 
together, sending the triangle signal at this point to 
ground. 



4.1 1 .3 Preamplifier 

The preamplifier (ref: schematic 01 03-00-1 1 1 6 sheet 4) 
consists of separate low frequency and high frequency 
amplifiers. The low frequency path, which also 
establishes dc stability, is provided by Q36, Q29 and Q30. 
RI 50 sinks a total of 4mA through the emitters of differen- 
tial amplifier Q36. The collector current in the left hand 
transistor in Q36 is mirrored by the collector current of 
transistor Q29, which added to the small base current 
of Q30 provides collector current for the right hand 
transistor. The bases of Q31 and Q32 are held at plus 
and minus 6V, which results in Q31 being a current 
source and Q32 a current sink. RI 31 sources a constant 
current of 5.5mA and RI 51 sinks a constant current of 
3.3mA. 

If the input current from the function selector at the junc- 
tion of RI 34 and RI 36 is zero, the current through the 
differential amplifier (Q36) will be balanced with 2mA in 
each side. The base of Q30 is at approximately -i- 5.5V 
with 2.2mA sunk through RI 37. In this condition, the total 
amount of current sourced by R131 (5.5mA) is split 



between RI 37 (2.2mA) and RI 51 (3.3mA). The amount 
of emitter current available for Q31 is determined by the 
current through RI 31 minus the current through RI 37. 
Equilibrium is reached when the collector current of Q31 
plus the base current of Q33 equals the Q32 collector 
current. At this time the output voltage at the junction 
of RI 40 and RI 34 can be set to exactly zero with RI 47. 

When the function selector output goes positive, current 
is sourced into the preamplifier at the junction of RI 34 
and R136 (the current summing node), increasing the 
right hand side Q36 base voltage. This voltage increase 
causes an imbalance in Q36, with the right hand side 
emitter sinking more than 2mA, and the left hand side 
emitter current sinking an equal amount less than 2mA 
to maintain the current through RI 50 at 4mA. Reducing 
current in the left hand side of Q36 lowers the voltage 
drop across RI 28, increasing the voltage at the base of 
Q29 and decreasing the current through its collector. 
With an increased need for collector current in the right 
hand transistor of Q36 and, at the same time, a decrease 
in Q29 collector current, the difference is supplied by 
the base of Q30. The small change in Q30 base current 
translates to a larger emitter current change which 
increases the voltage drop across RI 37 and lowers the 
Q30 base voltage below -I-5.5V. The current through 
RI 37 is now g reater than 2.2mA which limits the current 
toQ31 . R151 .which is still sinking 3.3mA, now sinks more 
than Q31 is sourcing. The difference in current is taken 
up by current through the emitter and base of Q33. This 
current originates from RI 34 and lowers the voltage at 
the junction of RI 34 and RI 40, forcing the output voltage 
negative. Equilibrium is reached when R134 sinks the 
same current sourced by the function selector at the 
summing node. 

When current is sunk by the function selector at the junc- 
tion of RI 34 and RI 36, this whole process is reversed 
producing a positive output voltage. Thus it can be seen 
that the junction of RI 36/R1 34 is a current summing junc- 
tion and the preamplifier is an inverting amplifier acting 
as a current to voltage converter. 

The high frequency amplifier input signal is fed forward 
by C69 and C70 to Q31 and Q32. Emitter follower Q33 
provides a low impedance output for the amplifier before 
entering the XY Multiplier input. 

4.1 1 .4 Square Selector 

The square selector (ref: schematic 01 03-00-1 455 sheet 
3) determines which of two square wave sources (low 
freq uency sq uare wave from the synthesizer U4 pin 6 
and SWSQR from the square buffer), will feed the three 
square selector outputs. The outputs are HFSQ which 
drives the 1 :1 lock loop, FGSYNC which can be used by 
the frequency synthesizer for possible selection to drive 
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the TTL Out and ECL Out connectors, and TTLSQR which 
drives the square shaper. 

For frequencies ator below 1kHz, control line LF is TTL 
logic high which makes U8 pin 1 0 low and U8 pin 5 high. 
This causes the low frequency square wave from the syn- 
thesizer (U4 pin 6) to be inverted at U8 pin 1 1 , pin 6 and 
again at U15 pin 8 before going to the frequency syn- 
thesizer as FGSYNC. A logic low at the LF control line 
blocks the low frequency square wave from the syn- 
thesizer (U4 pin 6) by makin g U8 pin 1 1 high. It also 
causes the square wave from SWSQR to be inverted at 
U8 pin 8, pin 6 and again at U15 pin 8 before going to 
the frequency synthesizer as FGSYNC. 

if the square wave function has been selected, SQR is 
low, making U5 pin 2 high and inverting the signal from 
FGSYNC before being sent to the Square Shap er as 
TTLSQR. For all functions other than square wave, SQR 
is high, disabling TTLSQR (U5 pin 12). 

If frequency synthesizer Mode has been selected, 
SYNTH goes low, making U8 pin 1 high and inverting the 
SWSQR signal at pin 3 before entering the 1 :1 Lock Loop 
circuit as HFSQ. 



4.1 1 .5 Square Shaper 

The square shaper (ref ; schematic 01 03-00-1 455 sheet 
4) accepts aTTL square signal (TTLSQR) from the Square 
Selector when square wave has been selected. The 
TTLSQR signal is converted to a clean, fast square wave 
by alternately sourcing and sinking current through 
R154. The Square Shaper output signal drives the XY 
multiplier. 

TTLSQR is shifted to a bipolar square signal by R119, 
R120, R121 and R1 24, then applied tothe bridge circuit 
formed by Q23, Q24, CR31 and CR32. When TTLSQR is 
high, Q24 is turned off, forward biasing CR31 and allow- 
ing current from the -t- 15VsupplytoflowthroughR117, 
R1 22 and CR31 . This develops the upper level square 
across R1 54. At the same time, Q23 is sourcing current 
through R1 23 and R1 18 to - 15V, reverse biasing CR32. 
A low TTLSQR turns Q23 on and Q24 off, reversing the 
situation and developing the lower level square across 
R154. 

When a function other than square is selected, SQR is 
high. This allows the gate of Q37 to be pulled high by 
R155, turning “on” Q37 and connecting the output of 
the preamp to FUNC OUT. At the same time, the gate 
of Q48 is pulled low by R153, turning “off” Q48 and 
preventing the square shaper output from reac hing 
FUNC OUT. When square function is selected, SQR goes 
low, shorting analog switch U30 pins 2 and 3. This turns 
Q37 “off”, disconnecting the preamp output from FUNC 



OUT. In addition, Q34, Q35 and Q48 are turned “on”, 
connecting the square shaper output to FUNC OUT. 

4.11.6 X-Y Multiplier 

The X-Y multiplier (ref: schematic 0103-00-1455 sheet 
3) is a transconductance multiplier that drives the out- 
put amplifier with differentiai currents at U31 pins 2 and 
1 4. These currents are derived from the function signal 
at FUNC OUT, which enters U31 as the X input. The 
magnitude of the current difference at the output is 
directly proportional to the FUNC OUT instantaneous 
value multiplied by the sum of the amplitude control 
voltage (VAMP) from the microprocessor board and the 
instantaneous value of the external amplitude modula- 
tion signal at AM In. 

Refer to simplified schematic figure 4-12. Ali circied 
numbers are U31 pin numbers. When the instantaneous 
values of VAMP and AM In are equal, the base voltages 
of Q1 and Q2 are the same and 8mA flows through the 
1 .21 kQ resistor R21 3. This current is evenly spiit through 
diodes CR1 and CR2, Q1 and Q2, Q3 and Q4. Because 
the bases of Q3 and Q4, and the anode of CR3 are 
common to each other, and each have 500Q resistors 
which are also commonly connected, the same amount 
of current (4mA) must flowthrough each of the three legs. 

IfVAMPdoes not equal AM In, current flows through the 
gain resistors R222 and R232 causing the currents in 
Q1 and Q2 become unequal. The direction of this current 
flow, and therefore the change in current through Q1 and 
Q2, depends on the polarity of the unequal inputs. 

With 0 volts present at FUNCQUT, U31 pins 10 and 1 1 
are at - 0.7V, and R205 has no current through it. Note 
that the total resistance of R3 and R21 9 (2500 Q) is twice 
that of R4 and R206 (1 250 Q). Because these com- 
ponents are across the same voitage points, twice the 
current (8mA) flows through R4andR206 as through R3 
and R21 9. Also note that the bases of Q1 1 , Q1 2 and the 
anode of CR4 are all common to each other, each with 
500Q resistors which are also commonly connected. The 
voltage and therefore the current (8mA) are identical for 
each of these three legs. Currents entering the collec- 
tors of Q1 1 and Q1 2 are equal under all conditions, and 
collector currents of Q9 and Q10 are also equal when 
Func Qut is OV. This means that the net emitter currents 
of both differential pairs (Q5/Q6 and Q7/Q8) are equal. 
Because of the cross connection of collector currents, 
the currents entering the muitiplier at pins 2 and 1 4 are 
equal whether or not pins 9 and 12 have equal base 
voltages. When Func Qut is not zero, R205 redistributes 
the Q9 and Q10 emitter currents to maintain equai 
currents through Q1 1 and Q12 collectors. Qnly when 
there is an instantaneous difference between VAMP and 
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Figure 4-12. XY Multiplier Simplified Schematic 



AM In and at the same instant Func Out is non-Zero is 
there a difference between the currents in pins 2 and 
1 4. This difference is detected differentially and amplified 
by the power amplifier. In this manner, 4 quadrant 
multiplication is achieved. Func Out carrier amplitude 
is determined by the instantaneous difference of the dc 
value VAMPand AM In. Removal of VAMP with modula- 
tion at AM In produces SOM. 

4.1 1 .7 Output Amplifier 

The output amplifier (ref . schematic 01 03-00-1 455 sheet 
5) provides the final gain and output drive capabilities 
of the instrument. Differential currents from the XY 
multiplierare sensed by049anddetectedatthe + and 
- inputs of U33. Depending on the status of these cur- 
rents, U33 pins 1 1 and 6 regulate the power supply cur- 
rents through R244 and R256, and therefore the voltages 
at the bases of 051 and Q53. These transistors drive the 
output complimentary emitter followers 052 and 054. 
The output voltage is fed back through R238 with the 



ratio of voltage divider R236 and R238 (between the out- 
put point and ground) determining the voltage at the out- 
put of U33 pin 10. 

When pins 2 and 1 4 of the XY multiplier iC, U31 sink equal 
currents, the voltages at U33 pins 4 and 5 are equal, 
preventing the output of U33 at pin 1 0 from either sink- 
ing or sourcing current. In this condition, the power 
supply requirements of U33, sensed by the drops in R244 
and R256 are static, causing 051 to source and Q53 to 
sink idling current through CR49 and CR51 . This idling 
current is mirrored by 052 and 054 by holding the VgE 
of both transistors equal to the diode drops. In this 
manner, cross-over distortion, which is normally seen 
as the output voltage passes through OV, is eliminated 
in this complimentary emitter follower. 

When the XY multiplier 10 U31 pin 2 sinks less current 
than pin 14, the voltage across R235 decreases while 
the voltage across R234 increases. This raises the the 
emitter voltage of the right hand transistor of 049 while 



4-24 





lowering the emitter voltage of the left hand transistor. 
The right side of Q49 now sinks more current and the 
left side of Q49 sinks less current, bringing the “ + ” input 
of U33 higher than the “ - ” input. The output voltage 
at U33 pin 10 begins to rise, causing U33to begin draw- 
ing more positive supply current through pin 11 than 
negative supply current through pin 6. This difference 
in supply current causes Q51 to source more than Q53 
sinks and the PA OUT voltage will rise positive until the 
current through the feedback/divider resistors R238and 
R236 provides the voltage needed at U33 pin 10 to 
stabilize the output. When this occurs, the supply cur- 
rents of U33 equalize and equilibrium is established. 

When the XY multiplier 1C U31 pin 2 sinks more current 
than pin 1 4, the opposite condition occurs, and the PA 
OUT voltage goes negative until the current through the 
feedback/divider resistors R238 and R236 provides the 
voltage needed at U33 pin 1 0 to again stabilize the out- 
put. Note that the output voltage swing of U33 is very 
low resulting in a wide bandwidth without slew rate 
limiting. Trim capacitor. Cl 53, is used to adjust the 
amplifier high speed signal peaking. 

An offset voltage i nput at VOFST is converted to cu rrent 
through R1 25 and R1 26. This current is proportional to 
the voltage and polarity of VOFST, entering the summing 
node at U33 pin 4 to provide dc control of the input cur- 
rent, and therefore the output voltage offset. 

4.1 1 .8 Output Attenuator 

The output attenuator (ref; schematic 0103-00-1455 
sheet 6) consists of two output relays, K1 and K2, that 
are controlled by logic lines AO and A1 from the analog 
interface circuit on the microprocessor/synthesizer 
board. These lines are driven by Q3 and Q2 respectively. 

The three possible combinations of operating states for 
the relays are: 

1 . 50Q output impedance matching: 55S in parallel with 
5^Q_in parallel with 5000Q. K1 and K2 energized 
(AO, A1 low). 

2. 20 dB attenuation: 55Q from Func Out connector to 
ground; 555Q in parallel with 5000Q from PA OUT 
to Func Out connGCtor K1 6 nGr^l 26 d ^AO !ow), K2 
dropped out (A1 high). 

3. 40 dB attenuation: 55Q in parallel with 555Q from 
Func Out connector to ground; 5000Qfrom PA OUT 
to Func Out connector. K1 and K2 dropped out (AO, 
A1 high). 

Transient Suppression: Func Out connector transients 
are suppressed during power on and power off by 
applying -40dB of attenuation between PA OUT and 
the Func Out connector. 



During poweronor power off, MR is low, turning 01 (on 
the microprocessor/synthesizer board) off. This opens 
the current path through the relays and 01 and 02. Thus 
K1 and K2 are dropped out (40dB attenuation) regardless 
of what AO and A1 are doing . Once power has stabilized 
and MR goes high, 01 and 02 are enabled by ON. AO 
and A1 can then be used to program the attenuator. 
Output Protection: There are two safeguards to protect 
the attenuator and output amplifier circuits against major 
damage due to accidental connection of external 
voltages, including line power, to the Func Out connec- 
tor. These safeguards are; 

1 . Diodes CR50 and CR52 prevent the voltage at PA 
OUT from exceeding ± 15V. 

2. A fast-acting fuse (F3) is connected directly to the 
Func Out center conductor to guard against 
accidental application of up to 250 Vac or 350 Vdc. 
Diodes CR53 through CR56 conduct current to 
ground through the fuse whenever the instantane- 
ous voltage at J23 exceeds ±12. TV. 

4.12 SYNC OUT DRIVERS 

The sync out drivers section provides sync outputs at 
TTL and ECL levels. ATTL to ECL conversion circuit taps 
the TTL signal to provide an ECL output. Both TTL and 
ECL circuits are protected by fast-blowing fuses at the 
center conductors of the connectors. 

The TTL and ECL outputs are driven by the SYNC signal 
from the microprocessor/synthesizer board. This signal 
is selected by the frequency synthesizer from three 
sources, the waveform synthesizer, function generator 
and frequency synthesizer. The SYNC signal is buffered 
by U1 5 before reaching the TTL OUT connector. Diodes 
CR62 and CR63 prevent an accidentally applied exter- 
nal voltage from damaging U1 5 and the associated cir- 
cuitry. If an excessive voltage is applied to the connec- 
tor, the fast-blow fuse, FI , will open. 

The ECL signal is derived from the TTL signal and con- 
verted by the TTL to ECL circuit which includes Q38, Q39, 
Q40 and Q41 . The voltage divider consisting of R1 70, 
CR35, CR36 and R1 71 maintains the base of Q39 at a 
predetermined level, and the collector provides a 
constant current to the emitters of differential amplifier 
transistors Q38 and Q41.Thebase of Q41 is set to +1.4V 
by divider R1 78, CR38 and CR37. Diode CR39 is forward 
biased and maintains the Q40 base voltage 0.7V more 
positive than the switching signal at the collector of 041 . 
This voltage change is nullified across the base emitter 
junction of emitter follower and output drive transistor 
040, making the voltage at the collector of 041 equal 
to the collector of 040. As with the TTL circuit, diodes 
CR59 and CR60 prevent an accidentally applied external 
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voltage from damaging Q40 and the associated circuitry. 
If an excessive voltage is applied to the connector, the 
fast-blow fuse, F2, will open. 



4.13 POWER SUPPLY 

Three power supply voltages, -M 5V, - 1 5V, and + 5V 
are generated on the power supply circuit board (ref: 
schematic 01 03-00-1 1 1 3). 

4.1 3.1 ± 1 5V Power Supplies 

The ± 1 5V Power Supplies provide power to the analog 
sectionsof the instrument. Voltage regulator VR1 main- 
tains the 15 volt supplies within ±0.3V. The pass 
elements, 01 and Q2, provide greater output current 
than is possible with only the regulator. R2, which is in 
series with the output of the -i- 15V regulator, causes 
current limiting to take place at a lower value than the 
internal limiting provided by the regulator. As the cur- 
rent through R2 (located between the regulator output 
and reference pins) reaches its limiting value, the voltage 
drop across R2 reaches 0.4V. Any further current 
through R2 causes the regulator to lower the output 
voltage until the current falls back to the limiting value. 



The - 15V supply operates similarly to the + 15V supply, 
however the polarities are reversed. 

4.13.2 +5V Supply 

In the -I- 5Vsupply,ac from the transformer, T1 (located 
on the rear panel), is rectified by CR2 and fiitered by C9, 
CIO, and C11 to provide unreguiated dc for regulator 
VR2. Cl 2 provides additionai filtering at the output of the 
regulator. 

4.13.3 Power Distribution 

The microprocessor/synthesizer board primarily uses 
-I-5V for most of its circuits, however, ± 15V is also 
needed for the frequency synthesizer. Power enters the 
board at the J4 POWER CONNECTOR. Each line is 
filtered by ferrite bead inductors FB2-FB4 and capacitors 
C21 -C26. Additional filtering is provided by small value 
bypass capacitors at various locations on the board. 

The waveform generator board needs ± 1 5V for most 
of its circuits, however -i- 5V is used in the various digital 
circuits, primarily in the waveform synthesizer and 
square selector. Power enters the board at the J5 
POWER CONNECTOR. Filtering is provided by small 
value bypass capacitors at various locations on the 
board. 
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SECTION 5 
CALIBRATION 



5.1 FACTORY REPAIR 

Wavetek maintains a factory repair department for those 
customers not possessing the necessary personnel or 
test equipment to maintain the instrument. If an instru- 
ment is returned to the factory for calibration or repair, 
a detailed description of the specific problem should be 
attached to minimize the turnaround time. 

5.2 REQUIRED TEST EQUIPMENT 

The test equipment required to perform the calibration 
procedures in table 5-2 are listed in table 5-1 . 

5.3 CALIBRATION 

WARNING 

With the covers rernoved, dangerous voltage 
points may be exposed. Contact with any of 
these points could cause serious injury or 
death. 

Disconnect the instrument from the ac power source, 
then slide both top and bottom covers partiaiiy off (see 
figure 2-1 , paragraph 2.2.2). Remove only the top cover. 



slide the bottom cover back on, and invert the instrument 
to maintain the operating temperature during calibration. 

Reconnect the instrument to the ac power source and 
allow it to warm up at least 30 minutes for final calibra- 
tion. Slide the bottom cover toward the rear only when 
making adjustments or measurements. 



NOTE 

The completion of the calibration procedure 
returns the instrument to correct alignment. 

CALIBRATION LIMITS AND 
TOLERANCES ARE NOT 
INSTRUMENT SPECIFIC A TIONS 

Instrument specifications are given in Sec- 
tion 1 of this manual. 



Figure 5-1 shows waveform generator calibration points. 
Figure 5-2 shows microprocessor/synthesizer board 
calibration points. 



Table 5-1. Required Test Equipment 



Equipment 


Quantity 


Specifications 


Oscilloscope 


1 


Dual channel, > 20 MFIz bandwidth, external trigger input. 


Frequency Counter 


1 


6Vz digit resolution and period measurement capability. 


True RMS Digital 
Voltmeter (DVM) 


1 


4V2 digit resolution. 


Distortion Analyzer 


I 

1 1 


To 200kHz 


Spectrum Analyzer 


1 

1 i 


To 50 mHz 


Signal Source 


1 


Capable of 1 kHz, 10 Vp-p sine wave. 


XI Probe 


1 i 




XI 0 Probe 


1 




50Q Termination 


1 


Feedthrough, 0.1 % accuracy, 2W. 


Coaxial Cables 


3 


BNC male connectors, RG-58U cable. 


BNC Tee 


1 


1 male to 2 female connection. 
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Table 5-2. Calibration Procedure 



Step 


Check 


Tester 


Test Point 


Control Setting 


Adjust 


Result 


Remarks 


1 


Power 

Supply 

Regulators 


DVM 


J15Pin2 


Reset 




+ 5V±250mV 


Ground lead to 
CR14 cathode 


2 


J15 Pin 7 


-15V±250mV 


3 


J15 Pin 14 


+ 15V±250mV 


4 


Crystal 

Frequency 


Counter 


TTL Out 


Mode: Clock 

Frequency: 

10.000MHz 


C29 

Micro- 

proces- 

sor/syn- 

thesizer 

board 


10,000MHz 
± 100Hz 


Verify frequency 
resolution from 
10 MHz to 
32 MHz 



In the following step, if necessary, preadjust R86 so that the phase lock loop output can be displayed on scope at 0.1 V/div with roughly OVdc 
offset. Adjust R184 to null the signal, then adjust slightly so that all phase correction pulses just begin pulsing in the positive direction. 



5 


Phase Lock 
Loop 


Scope 


J15Pin4 


Mode: Synth 
Frequency: 

1 OOOkHz 


R86 

R184 


See above 


Use XI 0 probe 
(Ground lead to 
CR14 cathode) 


6 


LF Wave- 
form Check 




Func Out (Termin- 
ated into SOS or 
75Qif Opt 003 
installed or 600Q if 
Opt 004 installed) 


Reset Freq- 
quency: 999Hz 
Amplitude: 
10.2Vp-p 




Verify all LF 
waveform func- 
tions, then 
return to sine. 




7 


Carrier Null 






Press 

"Amplitude” 
Press "Zero” 


R204 

R214 


Minimum AC 
signal 


Scope settings: 
lOmV/div. 
0.5msec/div AC 
coupled input 


8 


Modulation 

Null 






Press 

"Amplitude" 
Function: DC 


R147 




Scope settings: 
5mV/div. DC 
coupled input 

Sync to 1kHz 
lOVp-p sine 
applied to Ext AM 
In 


9 


"0” AM Null 


DVM 




Function: Sine 
Press 

"Amplitude" 
Press "Zero" 


R251 


OVdc ± 1 0mV 


Disconnect Ext 
AM In 


10 


Maximum 

Amplitude 

Null 






Press 

“Amplitude” 


R247 






11 


Worst Case 
Offset 






■Amplitude: 
Value between 
1 and 10.2Vp-p 
producing 
greatest offset 
from OVdc 






Rscord vslus 3nd 
polarity 


12 


Worst Case 

Offset 

Adjustment 






R203 


Double Above 
recorded value 
(same polarity) 
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Table 5-2. Calibration Procedure (Continued) 



step 


Check 


Tester 


Test Point 


Control Setting 


Adjust 


Result 


Remarks 


13 


Amplitude 

Null 






Amplitude: 

10.2VP-P 


R247 


0Vdc±10mV 





Repeat steps 9, 11, 12 and 13 until offset values are all within 10mV of OVdc from 1 to 10.2Vp-p. 



14 


SCM 

Balance 


Scope 


1 


Press "Zero” 


Only if 
neces- 
sary, 
adjust 
R147 
(wave- 
form top) 

SCM 
NULL 
with front 
knob 
(wave- 
form 
bottom) 


Equal amplitude 
alternate peaks 


Scope settings: 
1/div. 5msec/div. 

Sync to 50Hz 
lOVp-p sine 
applied to Ext AM 
In 

Return SCM 
NULL to 000 after 
R147 set. 


15 


AM Check 






Amplitude 

5Vp-p 




=100% 
modulated AM 
waveform 


Disconnect Ext 
AM In signal until 
amplitude and 
scope set. 

Scope setting: 
2V/div. 


16 


VCG Zero 


DVM (low DC 
range, no load) 


VCG In 


Function: 

Square 

Amplitude: 

10.2VP-P 

Frequency: 

9.99kHz 

Press “Zero” 


R96 

1 


OVdc ±0.1 mV 


Disconnect 
applied signal 
from Ext AM In 
and scope. 


17 


1000:1 

Frequency 


Scope 


Func Out (Termin- 
ated into 50Q, or 
75Q if Opt 003 
installed or 600Q if 
Opt 004 installed) 




R70 


Negative to 
positive transi- 
tion at 5.5cm 


Disconnect cable 
from VCG In 

Scope settings: 
lOmsec/Div., 

Trig Mode Nor- 
mal, DC, Negative 
Slope 


18 


1000:1 

Symmetry 








R73 


<1% 

assymmetry 


Scope setting: 
Magnify XI 0 On 



Repeat steps 1 7 and 18 as needed. 



19 


Symmetry 






Press 

"Frequency" 
Frequency: 
5.00 kHz 


R88 


<0.1% 

assymmetry 


Scope Settings: 
20j<sec/div. 

Magnify XI 0 On 
(or XI 00 if 
possible) 


20 


Sine Dist 


Distortion 




Function: Sine 


R100, 


Minimum distor- 


Scope Setting: 






analyzer 






R105, 


tion (typically 


Magnify XI 0 Off 












R106, 


0.1 to 0.2%) 














R113 
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Table 5-2. Calibration Procedure (Continued) 



Step 


Check 


Tester 


Test Point 


Control Setting 


Adjust 


Result 


Remarks 


21 


Frequency 

Ranges 


Counter 


TTL Out 

(Terminated into 
50Q) 


Function: 

Square 

Frequency: 

99.9kHz 


R86 


99.9kHz ± 1kHz 












Frequency: 

9.99kHz 


C28 

(Trim) 


9.99kHz 
± 100Hz 












Frequency: 

1MHz 


C37, C25 
(Trim) 


1 MHz ± 10kHz 












Frequency: 

999kHz 


C38, C26 
(Trim) 


999kHz + 10kHz 












Frequency: 

12.00MHz 


R66 


12.00MHz 
± 100kHz 





Repeat 1MHz, 999kHz and 1 2.00MHz adjustments as needed. 



22 


Sine 

Amplitude 


DVM 

(True RMS) 


Func Out 
(Terminated into 
50Q, or 75Q if Opt 
003 installed or 


Function: Sine 

Frequency: 

1.00kHz 


R223 


3.606 Vrms 
± lOmV 


23 


LF Amplitude 




6002 if Opt 004 
installed) 


Frequency: 

999Hz 


R2 




24 


DC Output 






Function: DC 
Offset: +5.1V 
and -5.1V 
alternately 


R125 

(gain) 

R251 

(offset) 


±5.1Vdc 
± lOmV 


25 


Sine Offset 






Offset: "Zero” 
Function: Sine 


R247 


0Vdc±10mV 


26 








Frequency: 

1.00kHz 


R107 




27 


Triangle 

Offset 






Function: 

Triangle 


R166 




28 


Triangle 

Amplitude 








R161 


2.944Vrms 
± lOmV 


29 


Square 

Amplitude/ 

Offset 






Function: 

Square 


R117 

(Upper) 

R118 

(Lower) 


5.100Vrms 
± lOmV 

OVdc ± 1 0mV 



DVM t DC. 
Remove half error 
with R117, half 
with R118. 

DVM to Vrms. 
Remove half error 
with R117, half 
with R1 18, 



Repeat Step 29 until both amplitude and offset errors are <10mV. 
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Table 5-2. Calibration Procedure (Continued) 




1:1 LOCK ^ XY MULTI C 141 



-R 197 - + C 119 



Cin^ -R 192 - 
C 118 + -C 107 - 



RW |l 



1^-R194- iVfg'Z 
I -Cits- -C 103 - 



-C 124 - 

-R 20 U- 

-R 202 - 

-R 2 D 1 - 

C 125 



— ISO C 61 !E L 

\ J , -R 91 - C 82 ^ 

I — R 92 C 83 e -W- 

-R 93 - 

-R 84 - 684 



/ -C 1 B- 



-C 110 - -R 186 - — C94— 

-cm- -R 187 - ^ 

-C 112 - -LI— -R 181 - 






FREQ RANG SW ,r, 
-R 14 - ::a 
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-R 15 - -R 5 - = 
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CR 30 M 
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Figure 5-1 . Waveform Generator Board 
Calibration Points 
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Figure 5-2. Microprocessor/Synthesizer Board Calibration Points 
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SECTION W 
TROUBLESHOOTING 



6.1 FACTORY REPAIR 

Wavetek maintains a factory repair department for those 
customers not possessing the necessary personnel or 
test equipment to maintain the instrument, if an instru- 
ment is returned to the factory for calibration or repair, 
a detailed description of the specific problem should be 
attached to minimize turnaround time. 

6.2 BEFORE YOU START 

Since no troubleshooting guide can possibly cover all 
the potential problems, the aim of this guide is to give 
a methodology which, if applied consistently, will lead 
to the problem area. Therefore, it is necessary to 
familiarizeyourselfwith the instrument by reviewing the 
functional description and the detailed circuit descrip- 
tion (Section 4) in conjunction with the schematics (Sec- 
tion 7). Successful troubleshooting depends upon 
understanding the circuit operation within each func- 
tional block as well as the block relationships. 

WARNING 

With the covers removed, da ngerous voltage 
points may be exposed. Contact with any of 
these points could cause serious injury or 
death. 

The intent of this section is to provide the information 
required to return this instrument to proper operation. 
Information is divided into two parts. Part one (table 6-1 ) 
contains a list of symptoms that should be useful in deter- 
mining which circuit within the instrument is defective. 
Part two consists of circuit guides which include settings 
and measurements for troubleshooting an individual 
block. Each circuit guide also references related 
schematics, circuit descriptions, and calibration pro- 
cedures. Table 6-2 provides a list of these circuit guides. 

Before beginning the troubleshooting process, verity the 
instrument’s controls are set correctly. For example, the 
instrument cannot produce a 1 0OkHz ramp up. For more 
information about instrument operation, refer to section 
3 of this manual. 



Also, rule out calibration as a possible problem. For 
instance, if the 10 kHz triangle amplitude is out of 
specification while the sine and square amplitudes are 
in specification, then the TRI LEVEL pot, R161, quite 
possibly, needs adjustment. 

Finally, inspect the instrument’s components, wiring, 
and circuit boards for heat damage. 

6.2.1 Isolating a Problem 

To successfully troubleshoot this instrument, the 
symptom must first be identified, the faulty block 
isolated, the block analyzed, and the defective compo- 
nent located and replaced. 

To identify the symptom, use all thfe front panel controls 
and connectors. Pay particular attention to the frequency 
range, as this identifies the signal flow (function 
generator loop or waveform synthesizer). 

Once the signal flow is established, table 6-1 can be used 
to isolate the circuit block. Start measuring the outputs 
of the circuit blocks until the defective block is located. 

Once the block is isolated, refer to the appropriate cir- 
cuit guide (table 6-2). Set the controls as instructed and 
take the measurements given to check out the block. 
Paragraph 6.3.45 gives component troubleshooting 
information. 

When the microprocessor and interface system is 
suspect, troubleshooting can be done by observing the 
symptoms to decide which checks will be used to locate 
a faulty digital circuit block. General techniques of 
troubleshooting digital systems are then applied to these 
blocks. One valuable technique involves using an 
oscilloscope to check for "stuck” bits on each line of 
a constantly varying address or data bus. A "stuck” bit 
may be constantly high, low, or tri-state (the output floats 
to a threshold level of 2 to 2.5V). It could also vary 
between a tri-state and a high or a low level without going 
to the third level. The cause of a "stuck bit” can be found 
by isolating 1C pins and connectors from the line in ques- 
tion. If more than one line is “stuck”, make a list of these 
lines and check for a common 1C. 
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Table 6-1. Fault Isolation 



Symptom 



Display blank, power supplies normal. 

Fuse blows, display blank. 

Power supply out of specification. 

Func Out (all functions) distorted or missing (TTL/ 
ECL outputs and display normal). 

TTL Out missing, ECL, Func Out and display 
normal. 

ECL Out distorted or missing, TTL, Func Out and 
display normal. 

TTL and ECL outputs distorted or missing, Func Out 
and display normal. 

All outputs (all functions) distorted or missing above 
1 kHz, display normal. 

All outputs distorted or missing at 1 kHz or lower 
frequency, display normal. 

Square output distorted or missing (remaining 
waveforms and display normal). 

Sine wave or triangle outputs distorted or missing 
(remaining waveforms and display normal). 

High frequency distortion or frequency problems at 
Func Out. Display and remaining outputs normal. 

Time symmetry cannot be adjusted within 
specification. 

Trigger, gate and trigger baseline problems. 

Voltage at VCG IN connector not changing 
frequency properly. 

DC offset not functioning correctly. 

Display blank or shows unintelligible data (not 
reading “WAVETEK MODEL 23" or "WAVETEK 
MODEL 23 * BATTERY LOW! *") 

Display reads “WAVETEK MODEL 23 * BATTERY 
LOW! *" or "WAVETEK MODEL 23” followed by 
data not related to the turn-off setup. 

Memory retained but battery life much less than 
specified. 

Not frequency synthesizing properly. 



Possible Cause or Refer to Paragraph 

Display view angle misadjusted. Paragraph 6.3.17 
Paragraph 6.3.44. 

Paragraph 6.3.44. 

Paragraphs 6.3.38 to 6.3.41. 

Fuse FI 

Paragraph 6.3.43. 

Paragraphs 6.3.30 and 6.3.42 

Paragraphs 6.3.8, 6.3.7, 6.3.12 and 6.3.20 to 6.3.29. 

Paragraphs 6.3.32 

Paragraphs 6.3.36 and 6.3.37 

Paragraph 6.3.34 and 6.3.35 

Paragraph 6.3.28 

Paragraphs 6.3.20 and 6.3.21 

Paragraphs 6.3.22 and 6.3.29 
Paragraph 6.3.20 

Paragraphs 6.3.12 and 6.3.39 

J15 pins 2, 7 or 14. Paragraphs 6.3.1, 6.3.2 and 
6.3.17. 

Battery Paragraph 6.3.15. 

Paragraph 6.3.14. 

Paragraphs 6.3.30 and 6.3.31 
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6.3 TROUBLESHOOTING GUIDES 



Table 6-2. Circuit Block Guides 



Circuit Guide 


Paragraph 


Microprocessor 


6.3.1 


Clock 


6.3.2 


Front Panel Interface 


6.3.3 


Address Latch 


6.3,4 


ROM 


6.3.5 


RAM 


6.3.6 


Data Latch 


6,3.7 


Analog Interface 


6.3.8 


Knob Interrupt 


6.3.9 


Analog/Panel Decoder 


6.3.10 


Address Decoder 


6.3.11 


Sample and Hold 


6.3.12 


Reset 


6.3.13 


Standby 


6.3.14 


Battery Test 


6.3.15 


Keyboard 


6.3.16 


Display 


6.3.17 


GPIB 


6.3.18 


RS-232 


6.3.19 


VCG 


6.3.20 


Current Source and Sink 


6.3.21 


Trigger Control Current Sink 


6.3.22 


Current Switch 


6.3.23 


Frequency Range Switches 


6.3.24 


Triangle Buffer 


6.3.25 


Comparator, Switch and 


6.3.26 


Square Buffers 


6.3.27 


High Frequency Compensation 


6.3.28 


Trigger Logic 


6.3.29 


Frequency Synthesizer 


6.3.30 


1:1 Lock Loop 


6,3.31 


Waveform Synthesizer 


6,3.32 


Sine Converter 


6.3.33 


Function Selector 


6.3.34 


Preamplifier 


6.3,35 


Square Selector 


6.3.36 



Table 6-2. Circuit Biock Guides 
(Continued) 



Circuit Guide 


Paragraph 


Square Shaper 


6.3.37 


XY Multiplier 


6.3.38 


Power Amplifier 


6.3.39 


Attenuator 


6.3.40 


Output Protection 


6.3.41 


TTL Driver 


6.3.42 


ECL Driver 


6.3.43 


Power Supply 


6.3.44 



6.3.1 Microprocessor 

Related information in this manual. 

Schematic: 0103-00-1454 Sheet 1. 

Circuit Description: Paragraph 4,2.1. 

All components referenced in this parag raph are located 
on the microprocessor/synthesizer board unless other- 
wise specified. 

Refer to table 6-3 to fault isolate the microprocessor and 
associated circuitry. 

6.3.2 Ciock 

Related information in this manual. 

Schematic: 013-00-1454 Sheet 1. 

Circuit Description: Paragraph 4.2.2. 

Refer to table 6-4 to fault isolate the clock and associated 
circuitry. 

6.3.3 Front Panel Interface 

Related information in this manuai. 

Schematic: 0103-00-1454 Sheet 1 . 

Circuit Description: Paragraph 4.2.3 

Check U1 5 pin 1 and U1 6 pin 1 (increase scope inten- 
sity) for negative pulses =0.5fiS wide occurring at 33ms 
intervals. If readings are not normal, refer to the analog 
panel decoder (paragraph 6.3.10). 

Refer to table 6-5 to fault isolate the front panel inter- 
face input lines and associated circuitry. 
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Table 6-3. Microprocessor Fault Isolation 



Test Point 


Normal Reading 


Possible Cause of Wrong Reading 


U3 pin 3 

! 


3.072MHz 


Clock (paragraph 6.3.2) 


U3 pin 39 


768kHz positive TTL pulse 


U3, U5 or associated circuitry 


U3 pin 40 


768kHz TTL square wave 


U3 or associated circuitry 


U3 pin 21 


= -1- 4.5V 


CR2 or power supply (paragraph 6.3.44). 


U3 pin 6 


TTL high. 


Reset circuitry (paragraph 6.3.13). 


U3pin 7 


TTL high. 


Standby circuitry (paragraph 6.3.14). 


U3 pin 5 


TTL High. Pulses low when 
rotating knob. 


Knob Interrupt (paragraph 6.3.9). 


U3 pins 22 through 37 


TTL high with groups of pulses 
occurring for =1ms at inter- 


"Stuck” bits at U3 or associated circuitry. 




vals of 16.5ms. 


U6 (paragraph 6.3,5). 



The remaining U3 pins are discussed in the appropriate troubieshooting paragraphs. 



Table 6-4. Clock Signal Fault Isolation 



Test Point 


Normal Reading 


Possible Cause of 
Wrong Reading 


Remarks 


U22 pin 15 


6.144 MHz roughly 
triangular waveform 
at TTL level. 


Y1, U22, U4, ElOto 
E8 coax 


Remove ribbon cable from J6 for access 
to U22 pins. 


U4 pin 1 1 


ElOtoEScoax 


U4 pin 9 


3.072 MHz TTL 
signal. 


U4, U3, E6 to E4 
coax 


Reconnect ribbon cable after fault is 
corrected. 


U3 pin 3 


E6 to E4 coax 
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Table 6-5. Front Panel Interface Input 
Fault Isolation 



Observe a high to low transition when the indicated key 
is pressed. If any signal is bad, go to paragraph 6. 3. 1 6. 



Pin 


Key 


Pin 


Key 


U15 pin 2 


RESET 


U16 pin 2 


KNOB* 


U15 pin 4 


TRIGGER 


U16pin6 


KNOB* 


U15 pin 6 


SLOPE 


U16pin 11 


AMPLITUDE 


U15pin8 


ZERO 


U16 pin 13 


MODE/FUNC 


U15pin 11 


< 


U16 pin 15 


OFFSET 


U15 pin 13 


> 


U16pin 17 


KNOB 


U15 pin 15 


STATUS 






U15pin 17 


FREQ/PER 







*May be high or low after rotation. 



Check U3 pins 30 through 37 (ADO-7) for a “stuck" bit. 
If not normal, isolate and replace appropriate IC. 

6.3.4 Address Latch 

Related information in this manual. 

Schematic: 0103-00-1454 Sheet 1 . 

Circuit Description; Paragraph 4.2.4. 

All components referenced in this paragraph are located 
on the microprocessor/synthesizer board unless other- 
wise specified. 



Refer to table 6-6 to fault isolate the address latch and 
associated circuitry. 



Table 6-6. Address Latch Fault Isolation 



Test Point 


Normal 

Reading 


Possibie Cause of 
Wrong Reading 


U5 pin 1 1 


768kHz positive 
TTL pulse 


U3 (paragraph 
6.3.1), U5 (para- 
graph 6.3.4) or 
associated 
circuitry 


U5 pins 2 
through 9 
and 12 
through 19 


Varying Lines 
at TTL Levels 


iC causing a 
“stuck" bit. 



6.3.5 ROM 

Related information in this manual. 

Schematic; 0103-00-1454 Sheet 1 . 

Circuit Description: Paragraph 4.2.5. 

All components referenced in this paragraph are located 
on the microprocessor/synthesizer board unless other- 
wise specified. 

Refer to table 6-7 to fault isolate the ROM and associated 
circuitry. 



Table 6-7. ROM Fault Isolation 



Test Point 


Normal Reading 


Possible Cause of Wrong Reading 


U6pin 20 


Positive pulse groups at 
16ms intervals 


If active but not normal, U3 (paragraph 6.3.1), 
U6/U7 (paragraph 6.3.6) 

If not active, U8/U21 (paragraph 6.3.11). 


U6 pin 22 


Similar to 768kHz square E 
clock (frequency may appear 
lower on counter) with a few 
missing pulses 


U3 (paragraph 6.3.1), U6, U18 or U20 


U6 pins 2 through 
13, 15 through 19, 
21 , and 23 through 
26 


Varying Lines at TTL levels 


! U3 (paragraph 6.3.1) or any IC connected to 
suspect line 



(Even if all bits are functional U3, U6 or U7 may be at fault) 
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Table 6-8. RAM Fault Isolation 



Test Point 


Normal Reading 


Possibie Cause of Wrong Reading 


U7pin 18 


Negative pulse groups at 
16ms intervals 


If active but not normal, U3 (paragraph 6.31 .), 
U6 (paragraph 6.3.5) or U7 

If not active, U8/U9 (paragraph 6.3.11) 


U7 pin 24 


^ -P4.5V. 


CR2 or power supply (paragraph 6.3.44) 


U7 pin 20 


Similar to 768k square E 
clock (frequency may appear 
lower on a counter) with a 
few missing pulses 


U3 (paragraph 6.3.1), U6 (paragraph 6.3.5), U18 
or U20 


U7 pin 21 


Negative pulses 


U3 (paragraph 6.3.1), U19, U20 or U7 


U6 pins 2 through 
13, 15 through 19, 
21 , and 23 through 
26 


Varying Lines at TTL levels 


U3 (paragraph 6.3.1) or any 1C connected to 
suspect line 



(Even if all bits are functional U3, U6 or U7 may be at fault) 



6.3.6 RAM 



6.3.7 Data Latch 



Related information in this manual. 
Schematic: 0103-00-1454 Sheet 1. 
Circuit Description: Paragraph 4.2.6. 



Related information in this manual. 
Schematic: 0103-00-1454 Sheet 1. 
Circuit Description: Paragraph 4.2.7. 



All components referenced in this paragraph are located All components referenced in this paragraph are located 
on the microprocessor/synthesizer board unless other- on the microprocessor/synthesizer board unless other- 



wise specified. 

Refer to table 6-8 to fault isolate the RAM and associated 
circuitry. 


wise specified. 

Refer to table 6-9 to fault isolate the data latch and 
associated circuitry. 




Tabie 6-9. Data Latch Fauit isoiation 


Test Point 


Normal Reading 


Possibie Cause of Wrong Reading 


U11 pin 11 


768kHz square (E clock) 


U3 (paragraph 6.3.1). 


U11 pins 3, 4, 7, 8, 

13, 14, 17 and 18 

i 




Varying lines at TTL levels 


U1 1 , U3 (paragraph 6.3.1) or any 1C connected to 
suspect line causing a “stuck” bit. 


(Even if all bits are functional U3, U6 or U7 may be at fault) 


U1 1 pins 2, 5, 6, 9, 
12, 15, 16 and 19 


Varying lines at TTL levels 


U11, U12, U13, U14or U32 
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Table 6-10. Knob Interrupt Fault Isolation 



Test Point 


Normal Reading 


Possible Cause of Wrong Reading 


Display 


Responds to keystrokes 


U3 (paragraph 6.3.1), U6 (paragraph 6.3.5), U7 
(paragraph 6.3.6). 


U18 pins 2 and 5 


Activity while knob is rotated 


Keyboard (paragraph 6.3.16) 


U17pin 1 (RKIRQ) 


Activity while knob is rotated 


U10 (paragraph 6.3.10) if RKIRQ missing but K1A/1 , 
KW2 and KM normal. 


U3 pins 5 and 15 


Negative and positive pulses 
respectively as knob is 
rotated 


Knob interrupt circuit (U17, U18, U19 and Q4 



6.3.8 Analog Interface 

Related information in this manual. 

Schematic; 0103-00-1454 Sheet 1. 

Circuit Description; Paragraph 4.2.8. 

Verify paragraphs 6.3.10 and 6.3.1. Return here if 
normal. 

All components referenced in this paragraph are located 
on the microprocessor/synthesizer board unless other- 
wise specified. 

Check U1 1 pins 2, 5, 6, 9, 1 2, 1 5, 1 6 and 1 9 for varying 
lines at TTL levels. If readings are not normai, problem 
could be on the waveform generator board, or an 1C such 
as U11, U12, U13, U14or U32 on the microprocessor/ 
synthesizer board. The boards can be separated by 
disconnecting J6. 



6.3.9 Knob Interrupt 

Related information in this manual. 

Schematic; 0103-00-1454 Sheet 1. 

Circuit Description; Paragraph 4.2.9. 

All components referenced in this paragraph are located 
on the microprocessor/synthesizer board unless other- 
wise specified. 

Refer to table 6-1 0 to fault isolate the knob interrupt and 
associated circuitry. 

6.3.10 Analog/Panel Decoder 

Related information in this manual. 

Schematic; 0103-00-1454 Sheet 1 . 

Circuit Description; Paragraph 4.2.10. 

All components referenced in this paragraph are located 
on the microprocessor/synthesizer board unless other- 
wise specified. 

Refer to table 6-1 1 to fault isolate the analog/panel 
decoder and associated circuitry. 



Table 6-1 1 . Analog/Panel Decoder Fault Isolation 



Test Point 


Normai Readino 


Possible Cause of Wrong Reading 




UlOpin 6 


768kHz square wave 


U3 (paragraph 6.3.1), DIO, U18. 




U10 pins 1 , 2 and 3 


Groups of negative pulses at 
16ms intervals 


U3 (paragraph 6.3.1) 




U10 pin 4 


Groups of positive pulses at 
16ms intervals 


U3 (paragraph 6.3.1) 
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Table 6-11. Analog/Panel Decoder Fault Isolation (Continued) 



Test Point 


Normal Reading 


Possibie Cause of Wrong Reading 


DIO pin 5 


Groups of negative pulses at 
16ms intervals 


U10 or U8 (paragraph 6.3.1 1) 


UlOpin? 


= 0.5fiS negative pulses (with 
(with increased scope 
intensity) as knob rotated 


U3 (paragraph 6.3.1), knob interrupt logic 
(paragraph 6.3.9), or U10. 


U10 pins 9 and 10 


= 0.5p(SS pulses at 33ms 
intervals (with increased 
scope intensity) 


U10, U15 or U16 (paragraph 6.3.3) 


U10 pins 13, 14 and 
15 


= 0.5f<s negative pulses as 
knob rotated 


U10, U12, U13 or U14 (paragraph 6.3.8) 



6.3.1 1 Address Decoder All components referenced in this paragraph are located 

on the microprocessor/synthesizer board unless Other- 
Related Information in this manual. wise specified. 

Schematic. 01 03-00-1 454 Sheet 1 . Refer to table 6-1 2 to fault isolate the address decoder 

Circuit Description: Paragraph 4.2.1 1 . and associated circuitry. 



Table 6-12. Address Decoder Fault Isolation 



Test Point 


Normal Reading 


Possible Cause of Wrong Reading 


U8 pins 1, 2 and 3 


Negative pulses at = 1 6ms 
intervals 


If pins 1 , 2 and 3 are continuous (not pulsing), 
pin 7 pulses positive, and pins 9 and 12 pulse 
negative, U8 is functional. 


U6 pin 20 


Positive pulses 


U6or U21 


U9 pin 2 and U8 
pin 12 


Identical readings 


U9 if MR/ low (see paragraph 6.3.13) and U9 
pin 14 has = -F4.5V. 

If pins 1 , 2 and 3 are continuous (not pulsing) and 
pin 7, 9 and 12 are not active, replace U8. 

Check paragraphs 6.3.1 , 6.3.5 and 6.3.6. 


U19pin 1 
Set scope for 
normal triggering, 
negative slope, 
high intensity. 


= 0.5^iS negative pulses as 
as knob rotated after press- 
ing Frequency/Period button 


U8, U19, or U22 


U19pin 2 
Change scope 
setting to positive 
slope. 


= 0.5ps positive pulses as 
knob rotated after pressing 
Frequency/Period button 


U8, U19, or U22 
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Table 6-12. Address Decoder Fault Isolation (Continued) 



Test Point 


Normal Reading 


Possible Cause of Wrong Reading 


U8 pin 11 


Negative pulses at 33ms 
intervals 


U8or U33 


U8 pin 13 


TTL high. Pulses low after 
interface option interrupts 
microprocessor. 


U8. See also paragraph 6.3.1 8 and 6.3.1 9. 


U8 pin 14 


TTL high. Pulses low when 
knob rotated. 


U8or U19 


U8 pin 15 


Negative pulses at 16ms 
intervals. 


U8or U10 



6.3.12 Sample and Hold 

Related information in this manual. 
Schematic: 0103-00-1454 Sheet 2. 
Circuit Description; Paragraph 4.2.12. 



All components referenced in this paragraph are located 
on the microprocessor/synthesizer board unless other- 
wise specified. 

Refer to table 6-1 3 to fault isolate the sample/hold and 
associated circuitry. 



Table 6-13 Sample and Hold Fault Isolation 




U32 pin 2 768kHz square wave U3 (paragraph 6.3.1). 

U32 pin 3 Negative pulse groups at U3 (paragraph 6.3.1). 

16ms intervals. 




U32 pin 1 Negative puises at 33ms Address decoder (paragraph 6.3.11) 

intervais. 

J1 5 pins 7 and 1 4 on ± 1 5V power suppiies. Power supply (paragraph 6.3.44). 

the generator board 



U32pin13 s-10.2Vdc. U33A circuitry or U32 

U32pin12 OVdc U32, U33B circuitry or a LADO-7 “stuck" bit 

U32 pin 14 Foilowing a reset, = -l-5Vdc U32, U33B circuitry or a l_AD0-7 “stuck" bit 

with negative pulses at 33ms 
intervals. Pulses vary with 
knob. 



i 





Table 6-1 3. Sample and Hold Fault Isolation (Continued) 



Test Point 


Normal Reading 


Possible Cause of Wrong Reading 


U34 pins 1 , 8, 9 and 
16 


Negative pulses at 33ms 
intervals. 


U3, U6, U7or U34 


U35 pin 1 (VAMP) 


+ 1 Vdc to + 1 0Vdc as ampli- 
tude varied from IVp-p to 
1 0Vp-p after pressing Reset, 
Amplitude. 


U34 or U35 


U35 pin 7 (VOFST) 


- lOVdc to H- lOVdc in a 
complex fashion as offset 
varied from -5.1V to +5.1V 
after setting amplitude to 
minimum and pressing 
Offset. 


U34 or U35 


U35 pin 8 (VFREQ) 


- 1 - 1 0Vdc to -1- 1 Vdc as fre- 
quency is varied from 
9.99kHz to 1kHz after press- 
ing RESET, Frequency. 


U34 or U35 


U35 pin 14(VNULL) 


OVdc to - 1 0Vdc as knob 
rotated ccw after pressing 
Amplitude, Zero. Increases 
to + 1 0Vdc as knob rotated 
cw. 


U34 or U35 



6.3.1 3 Microprocessor Section Reset 

Related information in this manual. 

Schematic: 01 03-00-1 454 Sheet 1 . 

Circuit Description: Paragraph 4.2.13. 

All components referenced in this paragraph are located 
on the microprocessor/synthesizer board unless other- 
wise specified. 

Press Reset on the instrument front panel. 

Connect channel 1 probe to -i- 5V supply at rear of R5 
(near U2). 

Connect channel 2 probe to front of R5. 

Set controls as follows: 

Vertical Mode: Chop 

T rig Mode: P-P Auto during setup, Normal when tak- 
ing readings 
Trig Source: Channel 1 
T rig Slope: Positive 



T rigger level: Positive, displaying one trace each time 
the unit is powered On. 

Horiz Sweep: 20ms/Div 

Observe = 1 30ms deiay between channel 1 and channel 
2 positive transitions as unit is powered On. If reading 
not normai, U2, U3, U9 or interface option board could 
be bad. 

6.3.14 Standby 

Related information in this manual. 

Schematic: 0103-00-1454 Sheet 1 . 

Circuit Description: Paragraph 4.2.14. 

Verify paragraph 6.3.13 normai before proceeding. 

All components referenced in this paragraph are located 
on the microprocessor/synthesizer board unless other- 
wise specified. 

Connect channel 1 probe to left end of R3 (viewed from 
front of instrument). 

Connect channel 2 probe to right end of R3 (viewed from 
front of instrument). 
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Table 6-14. Battery Test Fault Isolation 



Test Point 


Normal Reading 


Possibie Cause of Wrong Reading 


U3 pin 21, L)7 pins 
18 and 24, U9 pin 
14, and across the 
battery 


>-l- 2.2Vdc (typically 2.8Vdc) 
with power Off. (All voltages 
must be present for memory 
retention). 


DIB circuitry, U3, L)7 or U9 or battery holder. 


U3pin 11 


Battery voltage present with 
Power Off. 


U1B circuitry. 


U3pin 11 


Single momentarily low 
pulse, then constant battery 
voltage at Power On. 


U1B circuitry. 


5U3 pin 12 


Low if battery voltage >2.2V. 


UIB circuitry or L)3. 



Set controls as follows; 



6.3.1 6 Keyboard 



Vertical Mode: Chop 
Trigger Source; Channel 1 
Trig Mode: P-P Auto during setup, Normal when tak- 
ing readings 
Trig Slope; Negative 

Trigger level; Positive, displaying one trace each time 
the unit is powered Off. 

Horiz Sweep: ,5ms/Div 

Horizontal Position: Sweep begins at center of screen 

Observe both points TTL high during setup. As the unit 
is powered Off and the level at channel 2 just starts to 
decay (about 1 .5ms after power Off), channel 1 should 
makea high-to-lowtransition. If reading not normal, U1 , 
U2 or U3 could be bad. 



6.3.15 Battery Test 

Related information in this manual. 
Schematic: 0103-00-1454 Sheet 1 . 
Circuit Description; Paragraph 4.2.15. 



ounui luo wUn LI no pai a^i opi \ \j\\\y n u j ■ iC.sj ■ 

replaced and the problem persists. A display of 
“WAVETEK MODEL 23 ** COLD START **” would be 
proper on the first power up after replacing the battery. 



All components referenced in this paragraph are located 
on the microprocessor/synthesizer board unless other- 
wise specified. 



Related information in this manual. 

Schematic; 0103-00-1701 Sheet 1. 

Circuit Description: Paragraph 4.3.1. 

Perform paragraph 6.3.3 tests before proceeding. 

Inspect connections between U15, U16 and J12. 
Remove front panel and keyboard by removing screws 
under bezel strip (Reset to Power keys) to inspect key 
targets for cleanliness and lack of corrosion and con- 
ductive rubber keystrip for alignment over key targets. 
Repair as needed. 

All components referenced in this paragraph are located 
on the microprocessor/synthesizer board unless other- 
wise specified. 



6.3.17 Display 

Related information in this manual. 

Schematic: 01 03-00-1 701 . 

Circuit Description; Paragraph 4.3.3. 

All components referenced in this paragraph are located 
on the microprocessor/synthesizer board unless other- 
wise specified. 

inspect connectors W5 and J10. 



Refer to table 6-1 4 to fault isolate the battery test and 
associated circuitry. 



Refer to table 6-15 to fault isolate the display and 
associated circuitry. 
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Table 6-15. Display Fault Isolation 



Test Point 


Normal Reading 


Possible Cause of Wrong Reading 


J10 pins 1 and 2 


OV and - 1 - 5V respectively. 


J10, power supply (paragraph 6.3.44) or display 
(paragraph 6.3.17). 


J10 pin 3 


= + 2V when display view 
angle adjust set fully up. 

= - IV when set fully down. 


J10 or display (paragraph 6.3.17). 


J10 pins 4, 5 and 
7 through 14. 


Negative pulse groups at 
1 6ms intervals. 


“Stuck” bits at U3 (paragraph 6.3.1) or associated 
circuitry 


J10 pin 6 


Pulses low to high when any 
key pressed. 


U19, U21 or display module. 



If readout bad but all display inputs good, replace display module. 



6.3.18 GPIB 

Related information in this manual. Refer to tables 6-1 6 and 6-1 7 to fault isolate the GPIB 

Schematic: 0103-00-1678 Sheet 1. and associated circuitry. 

Circuit Description: Paragraph 4.4.1. 

All components referenced in this paragraph are located Refer to table 6-1 8 to fault isolate J1 6 (microprocessor/ 

on the option board unless otherwise specified. synthesizer board) and associated circuitry. 



Table 6-16. GPIB Fault Isolation 



Test Point 


Normal Reading 


Possible Cause of Wrong Reading 


Front Panel 
(Rear panel 
Interface 
disconnected) 


Proper local control 


If abnormal operation with J1 6 (microprocessor/ 
synthesizer board) disconnected, U3 (micro- 
processor/synthesizer board paragraph 6.3.1) or 
associated circuitry. 






If normal operation with J1 6 (microprocessor/ 
synthesizer board) disconnected, check for a 
“stuck” bit at J16. 


Display 
(Rear panel 
Interface 
disconnected) 


“WAVETEK MODEL 23 OPT 
001 IEEE-488” momentarily 
after cycling Power Off, then 
On. 


U2 or incorrect signal on a J1 6 (microprocessor/ 
synthesizer board) line. See table 6-18. 


Display 


Use Status and ◄ buttons to 
verify Address matches 
ADDRESS SELECTOR (SW1) 
setting 


SW1, R1, U1 or U2. 
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Table 6-1 6. GPIB Fault Isolation (Continued) 



Test Point 


Normal Reading 


Possible Cause of Wrong Reading 


U2 pins 16, 17, 18, 
25 


High 


U2, U3or U4. 


U2 pin 27 


Low 


U2, U3or U4. 


U2 pins 23, 26 and 


Floating (tri-state) 


U2, U3 or U4. 


29 through 36 







NOTE 

Connect GPIB cable to rear panel for the following tests. 



Table 6-17. Controller Assisted GPIB Fault Isolation 



Program From 
Controller 


Incorrect Reading 


Possible Cause of Incorrect Reading 


Send data to the 
Model 23’s listen 
address in a con- 
tinuous loop. 


Bus error 


U2or U4. 


Incorrect data transmission 
(recall the command string). 


U2 or U3, or W15 connections. 


Request and display 
data in a continuous 
loop from the Model 
23’s talk address. 


Bus error 


U2or U4. 


Incorrect data 


U2or U3. 



Table 6-1 8. J1 6 (Microprocessor/Synthesizer Board) Signals 



Test Point 


Normal Reading 


Possible Cause of Wrong Reading 


J16 pin 1 


Ground 


J16 connector 


J16 pin 2 


-F5V 


J1 6 connector 


J16 pin 3 


+ 15V 


J16 connector 


J16 pin 4 


-15V 


J16 connector 


J12 Pins 5, 9 - 15, 
17-20 


Negative pulses at 16ms 
rate 


J16 connector 


J12 Pin 6 


768kHz square wave 


J16 connector 
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Table 6-1 8. J1 6 (Microprocessor/Synthesizer Board) Signals (Continued) 



Test Point 


Normal Reading 


Possible Cause of Wrong Reading 


J1 2 Pins 7 and 8 


High 


J16 connector 


J16 pin 16 


Small burst of narrow pulses 
at Power On with scope Trig 
Source set to Normal, Trig 
Slope set to Negative and 
Intensity increased. 


Address Decoder (paragraph 6.3.1 1) 



0 . j.i 9 R5-23Z-C All components referenced in this paragraph are located 

Related information in this manual. the option board unless otherwise specified. 

Schematic; 0103-00-1677 Sheet 1 . Refer to table 6-19 to fault isolate the RS-232-C and 

Circuit Description: Paragraph 4.4.2. associated circuitry. 



Table 6-19. RS-232-C Fault Isolation 



Test Point 


Normal Reading 


Possibie Cause of Wrong Reading 


Front Panel 
(Rear panel 
Interface 
disconnected) 


Proper local control 


If abnormal operation with J1 6 disconnected, U3 
(microprocessor/synthesizer board paragraph 
6.3.1) or associated circuitry. 






If normal operation with J1 6 (microprocessor/ 
synthesizer board) disconnected, check for a 
“stuck” bit at J16. 


Display 
(Rear panel 
Interface 
disconnected) 


“WAVETEK MODEL 23 OPT 
002 RS-232-C’’ momentarily 
after cycling Power Off, then 
On. 


Y1 or incorrect signal on a J16 line. See table 
6-18. 


Display 


If “WAVETEK MODEL 23 
OPT 002 RS-232-C” 
displayed at turn On, use the 
STATUS and buttons to 
display “hand CTS/DTR”. 


U1. 


L)1 pins 3 and 4 


1 53.6kHz TTL square with 
factory setting of 9600 baud 
at SW-1 (SW1-4 open, 3 
closed, 2 closed and 1 
closed). 


SW-1, U2or U1 


U1 pins 3 and 4 


1 6X selected baud rate of 
rate of sending device if dif- 
ferent from 9600 baud (see 
paragraph 2.2.7 of this 
manual). 


SW-1 , U2 or U1 
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Table 6-19. RS-232-C Fault Isolation (Continued) 



(Rear panel interface disconnected for the following readings) 



Test Point 


Normal Reading 


Possible Cause of Wrong Reading 


U1 pin 2 


High 


If any reading incorrect, U1 , L)3 or U4 could be 


U1 pin 5 


Low 


bad. 


U1 pin 6 


High 




U1 pin 23 


Low with SW1-5 open and 
high with SVV1-5 closed.* 




U1 pin 24 


High 




U3 pins 3 and 6 


~ -t-15V 




U3 pin 8 


~ -15V 




U3pin 11 


~ -L 15V 




U4 pin 1 


~ OV 




U4 pin 4 


~ OV 




U4 pin 8 


High 




U4 pin 10 


Low 





* Return SW1-5 to open. 



Verify correct; 

Baud rate; 

DCE/DTE configuration; 

CTS/DTR or XON/XOFF. 

Verify the option board is configured properly, then con- 
nect the RS-232-C cable to the rear panel. If problem 
remains, U1 or W1 5 connections could be bad. 



6.3.20 VCG 

Related information in this manual. 

Schematic; 0103-00-1455 Sheet 1. 

Circuit Description; Paragraph 4.6.1. 

Calibration Procedure; Table 5-1 , Steps 5, 1 6, and 21 . 

All components referenced in this paragraph are located 
on the waveform generator board unless otherwise 
specified. 

Press ‘ ‘ Reset” , then set the controls as indicated in table 
6-20, and take the measurements. 



Table 6-20. VCG 





J7-10 






(J7 Pin 1 is 




Frequency 

1 


Nearest to R184) 


U23-7 


1 

10.0kHz 


-LI.OV 


-0.9V 


99.9kHz 


-t- 10.0V 


-9.0V 



Related digital control lines. 

SYNTH; TTL Low = VCG In connected; 

TTL High = VCG In disconnected. 

6.3.21 Current Source and Sink 

Related information in this manual. 

Schematic; 0103-00-1455 Sheet 1 . 

Circuit Description; Paragraph 4.6.1. 

Calibration Procedure; Table 5-1 , Steps 1 7, 1 8, and 1 9. 

All components referenced in this paragraph are located 
on the waveform generator board unless otherwise 
specified. 

Press “Reset”, then set the controls as indicated in 
tables 6-21 and 6-22 and take the measurements. 



Table 6-21. Current Source 



Frequency 


U23-7 


J15-1 


U23-8 


U25-10 


10.0kHz 


-0.9V 


o.ov 


~-f-5.7V 


~-M4.6V 


99.9kHz 


-9.0V 


o.ov 


~ 4- 2.0V 


~-M0.5V 



Table 6-22. Current Sink 



Frequency 


R23-3 


J15-1 

1 


U23-1 


U25-4 


10.0kHz 


-0.4V 


-L O.OOV 


~-5.7V 


14.6V 


99.9kHz 
1 


-4.0V 


-L O.OOV 


- 2.0V 


10.5V 
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6.3.22 Trigger Control Current Sink 

Related information in this manual. 

Schematic: 0103-00-1455 Sheet 1. 

Circuit Description; Paragraph 4.6.1. 

Calibration Procedure: Table 5-1 , Step 30. 

All components referenced in this paragraph are located 
on the waveform generator board unless otherwise 
specified. 

Press “Reset” , then set the controls as indicated in table 
6-23 and take the measurements. 



Table 6-23. Current Sink and Trigger Control 



Frequency 


U25-1/Q21 Base 


U25-7/Q21 Emitter 


10.0kHz 


14.0V 


-14.6V 


99.9kHz 


10.3V 


~ - 1 1 .OV 



Press “Reset”, then set the controls as indicated in table 
6-24 and take the measurements. 

Press “Reset”, change the frequency to 99.9kHz, then 
set the controls as indicated in table 6-25 and take the 
measurements. 



6.3.23 Current Switch 

Related information in this manual. 

Schematic; 0103-00-1455 Sheet 2. 

Circuit Description: Paragraph 4.6.2. 

All components referenced in this paragraph are located 
on the waveform generator board unless otherwise 
specified. 

Press “Reset”, then take the measurements as shown 
in figure 6-1 . 

6.3.24 Frequency Range Switches 

Related information in this manual. 

Schematic: 0103-00-1455 Sheet 1. 

Circuit Description: Paragraph 4.6.3. 

Calibration Procedure: Table 5-1 , Step 21 . 

All components referenced in this paragraph are located 
on the waveform generator board unless otherwise 
specified. 

Table 6-26 lists the logic levels for the nine frequency 
ranges; a TTL low ("0”) enables the range capacitor, and 
aTTLhighC'l ”)disablesthe range capacitor. To check 
the logic levels, press "Reset” and set the instrument 
to the desired frequency. 



Tabie 6-24. Trigger Controi 



Mode 


CR28 Anode (RUN) 


CR26 Anode 


CR26 Cathode 


U22-9 (TRN) 


Cont 


TTL High 


-I-2.3V 


-M.7V 


± IV Triangle 


Trig 


TTL Low 


-1.1V 


-0.7V 


O.OV 



Table 6-25. Trigger Control 



Mode 


CR28 Anode (RUN) 


CR26 Anode 


CR26 Cathode 


U22-9 (TRN) 


Cont 


TTL High 


-I-2.0V 


+ 1.3V 


± IV Triangle 


Trig 


TTL Low 


-1.1V 


- 0.75V 


O.OV 



CR10 

ANODE 



Q9 

EMITTER 




Figure 6-1. Current Switch Waveforms 
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Table 6-26. Frequency Control 



Min Freq 


Max Freq 


U1-5 


J7-1* 


J7-3* 


J7-4* 


J7-5* 


J7-6* 


J7-13* 


J7-20* 


(Hz) 


(Hz) 


(LF) 


(FR7) 


(OVRNG) 


(FR4) 


(FR6) 


(FR5) 


(LF) 


(100) 


10.00MHz 


12.000MHz 




0 


n 






1 


1 


1 




1 


1.000MHz 


9.999MHz 




0 








1 


1 


1 




1 


100.0kHz 


999.9kHz 




0 








0 


1 


1 




1 


10.00kHz 


99.99kHz 




0 








1 


0 


1 




1 


1 .OOOkHz 


9.999kHz 




0 








1 


1 


1 




1 






DC 


Other 












DC/Sq 


Other 








Func 


Func’s 












Func’s 


Func’s 




100.0Hz 


999.9Hz 


0 


1 


1 


1 


1 


0 


1 


1 


0 


1 


10.00Hz 


99.99Hz 


0 


1 


1 


1 


1 


1 


0 


1 


0 


1 


1 .OOOHz 


9.999Hz 


0 


1 


1 


1 


1 


0 


1 


1 


0 


0 


lOO.OmHz 


999.9mHz 


0 


1 


1 


1 


1 


1 


0 


1 


0 


0 


lO.OOmHz 


99.99mHz 


0 


1 


1 


1 


0 


1 


1 


1 


0 


0 



*J7 pin 1 is nearest to R184. 



Table 6-27 gives measurement values for a single typical 
range switch (FR6); these levels are typical of all three 
switches. 



Table 6-27. Frequency Range 
(FR6 shown, typical) 



Test Point 


Low 

(Enabled) 


High 

(Disabled) 


Base Q1 


-1- 4.2 Vdc 


-P5.1 Vdc 


Emitter Q1 


-1-4.3 Vdc 


-P 4.3 Vdc 


Collector Q1 


-P 5.0 Vdc 


- 1 5 Vdc 


CR5 anode 


+ 1 .5 Vdc 


- 1 5 Vdc 


R4 (right side) 

i 


- 7.5 Vdc 


- 7.5 Vdc 




Figure 6-2. Triangle Buffer (Cont Mode) 



6.3.25 Triangle Buffer 

Related information in this manual. 

Schematic; 0103-00-1455 Sheet 2. 

Circuit Description: Paragraph 4.6.4. 

Calibration Procedure; Table 5-1 ; Step 30. 

All components referenced in this paragraph are located 
on the waveform generator board unless otherwise 
specified. 

Press “Reset”, then take the measurements as shown 
in figure 6-2. 

Change Mode to T rigger, then take the measurements 
as shown in table 6-28, 



Table 6-28. Triangle Buffer (Trigger Mode) 



Test Point 


Desired Result 


Q6 Gate 


o.ov 


o 

uo ouurue 


1 r\ r-\ t + 

-1- U.OV ■ 


Q9 Base 


- 0.65V* 


Q9 Emitter 


o.ov* 



*Varies with R26 setting. 



6.3.26 Comparator, Switch and Square Buffers 

Related information in this manual. 

Schematic: 0103-00-1455 Sheet 2. 

Circuit Description; Paragraphs 4.6.5, 4.6.6, and 4.6.8. 
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+ 1V 



Q9 

EMITTER/ / \ 

013 / \ 

BASE / \ 

1 

1 




V 

1 

1 


\... 


U8-2 










r: 




1 


1 

1 1 

1 


1 

1 

1 




GRID 

ANODE 










1 




j 


1 

1 1 


1 

1 

1 




012 

BASE 













Figure 6-3. Comparator, Switch and Square Buffer 



All components referenced in this paragraph are located 
on the waveform generator board unless otherwise 
specified. 

Press “Reset”, then take the measurements as shown 
in figure 6-3. 



6.3.27 High Frequency Compensation 

Related Information in this manual. 

Schematic: 0103-00-1455 Sheet 1. 

Circuit Description; Paragraph 4.6.7. 

Calibration Procedure: Table 5-1, Step 21 . 

All components referenced in this paragraph are located 
on the waveform generator board unless otherwise 
specified. 

Press “Reset”, then take the measurements as shown 
in table 6-29. 



Tabie 6-29. Low Frequency Check (<1 MHz) 



Test Point 


Desired Result 


U 23-1 2 


O.OVdc 


U23-13 


O.OVdc 


U23-14 


+ 0.7Vdc 


Q20 Collector 


+ 6.9Vdc 


Q18 Base 


- 6.9Vdc 


Q19 Emitter 


-k 7.5Vdc 


Q18 Emitter 


- 7.5Vdc 



Change frequency to 12MHz, then take the measure- 
ments as shown in table 6-30. 



Table 6-30. High Frequency Compensation 
(1MHz to 12MHz) 



Test Point 


Desired Result 


U23-12 


~ - 9.0Vdc 


U23-14 


~ - 8.5Vdc 


Q20 Collector 


~ -H 1 1 .5Vdc 


018 Base 


~-11.5Vdc 


019 Emitter 


-k 1 2.0Vdc 


018 Emitter 


~ - 1 2.0Vdc 



*Varies with R66 setting. 



Related digital control logic. 

Below 1MHz, FR7 remains high. 

At 1MHz and above, FR7 goes low. 

6.3.28 Trigger Logic 

Related information in this manual. 

Schematic: 0103-00-1455 Sheet 3. 

Circuit Description; Paragraph 4.6.9. 

All components referenced in this paragraph are located 
on the waveform generator board unless otherwise 
specified. 

Table 6-31 lists the control lines related to the trigger logic 
circuit. 
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Table 6-31. Trigger Logic Truth Table 





j 

U18-1 (MCO) 

1 


U9-4 (MCI) 


U3-4 (KILL) 


U1-5(LF) 


U3-6 (RUN) 


Cont 


TTL Low 


TTL High 


— 


— 


TTL High 


Trig 


TTL High 


TTL Low 


— 


— 


TTL Low unless triggered 


Gate 


TIL High 


TTL High 


— 


— 


TTL Low unless triggered 












TTL High from trigger 
input to end of last cycle 


Synth 


TTL Low 


TTL High 


— 


— 


TTL High 


DC Function 


— 


— 


TTL Low 


— 


TTL Low 


All but DC 
Function 




— 


TTL High 


— 


TTL High unless in Trig or 
Gate (see above) 


lOmHz to 999.9Hz 






— 


TTL high 


— 


999.9Hz to 32MHz 


i 




— 


TTL Low 


— 



All components referenced in this paragraph are located 
on the microprocessor/synthesizer board unless other- 
wise specified. 

Press “Reset”, then take the measurements as shown 
in table 6-32. 



Table 6-32. Frequency Synthesizer Loop Fault Isolation 



Test Point 


Normal Reading 


Possible Cause of Wrong Reading 


Func Out 


Proper operation in contin- 


Paragraphs 6.3.12 and 6.3.20 thru 6.3.27 


1 


uous mode. 





For remaining checks in this table, set Mode to Clock. 



ECL or TTL Out 


if signal is normal, go to 


Continue with this table. 




paragraph 6.3.30. 





For the remaining tests in this table, disconnect J6 and, if installed, remove option 001 or 002 board on 
microprocessor/synthesizer board. 



CAUTiON 

Prevent J6 pins from shorting to any point. 
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6.3.29 Frequency Synthesizer 

Related information in this manual. 
Schematic: 0103-00-1454 Sheet 2. 
Circuit Description; Paragraph 4.7. 



































Table 6-32. Frequency Synthesizer Loop Fault Isolation (Continued) 



Test Point 


Normal Reading 


Possible Cause of Wrong Reading 


U31 pin 6 


TTL square at programmed 
frequency (1 kHz to 1 2MHz). 
if good, problem caused by 
coax cabie, U27 or input 
iines SA, SB (paragraph 
6.3.8) or FGSYNC. 


Continue with this table. 


U22 pins 10 and 1 1 


Low duty cycle TTL posi- 
tive puise activity as knob 
rotated. (Set scope intensity 
high) 


U22 or U3 

! 


U22 pin 12 


Low duty cycle TTL posi- 
tive puise activity as knob 
rotated. (Set scope intensity 
high) 


Goto paragraph 6.3.11. 


U26 pin 1 


~ -fS.OVdc 


SYNTH input line or Q1 1 and associated circuitry. 


U23 pin 7 


-1- 3.5Vdc to ~ - 8.5Vdc 
as VCO frequency at U26 pin 
1 1 varies from 32MHz to 
64MHz. if good, go to tabie 
6-33. 


Continue with this table. 



Jumper U23 pin 5 to ground for the following tests. 



U23 pin 7 


OVdc 


U23 


U26 pin 11 


TTL compatible, ramplike 
waveform at ~ 40-45MHz. 


VCO circuit of Q5-Q1 0 


U26 pins 8 & 9 


TTL square at 1/2 the fre- 
quency of pin 1 1 


If pins 1 and 13 are low. Oil or SYNTH signal 
(paragraph 6.3.8) 


If pins 1 and 13 are high, U26. 


U25 pin 2 


1 

~ 10MHz 


U26, U25 or U24 


U25 pin 14 


~ 5MHz 


U25 or U24 


U25 pin 13 


~ 2.5MHz 


U25 or U24 


U25 pin 12 


~ 1.25MHz 


U25 or U24 
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Table 6-32. Frequency Synthesizer Loop Fault isolation (Continued) 



Test Point 


Normal Reading 


Possible Cause of Wrong Reading 


U22 pin 9 


~1 .25MHz with programmed 
frequency of 1 M Hz to 
1 .999MHz, ~2.5MHz from 
2MHz to 3.999MHz, ~5MHz 
from 4MHz to 7.999MHz and 
~10MHz from 8MHz to 
32MHz. 


U22, U24 


U22 pin 6 


OV from 1 MHz to some 
switch point lower than 
1 .999MHz (usually near 
1 .3MHz). -1- 5V from switch- 
ing point to 1 .999MHz 


U22 or U23 


U23A pin 1 


Near -f- 1 5Vdc when fre- 
quency below switch point in 
prior step. Near - 15Vdc 
when frequency above 
switch point in prior step. 


U23 


Remove jumper shorting U23 pin 5 to ground. 



Press “Reset”, set frequency to 10MHz and mode to 
clock, then take the measurements as shown in table 
6-33. 

Reconnect J6 and replace option board, then go to 
paragraph 6.3.42 and verify sync outputs. 

6.3.30 1 :1 Lock Loop 

Do this paragraph only if paragraph 6.3.29 has already 
been attempted. 



Related information in this manual. 

Schematic; 0103-00-1455 Sheet 6. 

Circuit Description; Paragraph 4.8. 

Calibration Procedure; Table 5-1 , Step 5. 

All components referenced in this paragraph are located 
on the waveform generator board unless otherwise 
specified. 

Press “Reset”, set mode to synthesized, then take the 
measurements as shown in table 6-34. 



Table 6-33. Frequency Synthesizer Divider Fauit isoiation 



Test Point 


Normai Reading 


Possibie Cause of Wrong Reading 


U30 pin 9 


10MHz 


U24, U28 or U29 


U30pin12 


1MHz 


U24, U28or U29 


U30 pin 6 


100kHz 


U24, U28 or U29 


U30 pin 2 


10kHz 


U24, U28 or U29 
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Table 6-33. Frequency Synthesizer Divider Fault Isolation (Continued) 



Test Point 


Normal Reading 


Possible Cause of Wrong Reading 


U30 pin 8 


TTL Low 


Front panel (paragraph 6.3.3) 


U30 pins 3, 5 and 11 


TTL High 


Front panel (paragraph 6.3.3) 


U31 pin 13 


10MHz 


U30 


U31 pins 9, 10 
and 12 


TTL Low 


U30 


U31 pins 2 through 6 
and 1 1 


10MHz 


U31 


U31 pin 1 


TTL Low 


U31 


U27 pin 12 


10MHz 


Coax Cable 


U27 pin 6 


TTL Square wave across 
entire programmed 
frequency 


U27, SA, SB or coax 


U15 pin 5 (Waveform 
generator board) 


TTL Square wave across 
entire programmed 
frequency 


U27, SA, SB or coax 



Table 6-34. 1:1 Lock Loop Fault Isolation 



Test Point 


Normal Reading 


Possible Cause of Wrong Reading 


U29 pin 1 


TTL square at programmed 
frequency, 1kHz to 12MHz. 


Coax cable. 


U29 pin 3 


TTL square at function gen- 
generator frequency, 1kHz 
to 12MHz. 


Coax cable or square selector (paragraph 6.3.36). 


U29 pins 1 and 3 


Frequencies equal 


1:1 loop normal. Go to figure 6-1 for another start- 
ing point. 


J15 pin 4 


Not saturated at ± 6Vdc at 
any frequency. 


1 :1 loop normal. Go to figure 6-1 for another 
starting point. 


U26 pins 6 and 7 


Voltages identical 


U26 or associated circuitry. Verify SYNTH low 
(paragraph 6.3.8). 
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Table 6-34. 1:1 Lock Loop Fault Isolation (Continued) 



Test Point 


Normai Reading 


Possible Cause of Wrong Reading 


U29 pins 8 and 9 


+ 1 .4Vdc 


U28 or U29 circuitry. 


U29 pins 2 and 13 


If HFSQ frequency lower 
than FSYNTH: pin 13 low, 
pin 2 high. If HFSQ fre- 
quency higher than FSYNTH: 
pin 13 high, pin 2 low. 


U29 


Q42 base 


~ - 1 - 6.2Vdc 


U28, Q42 or Q43 circuitry 


Q43 base 


~ - 6.2Vdc 


U28, Q42 or Q43 circuitry 


Across R190 


~8.1Vdc 


U28, Q42 or Q43 circuitry 


Across R186 


~8.1Vdc 


U28, Q42 or Q43 circuitry 


Across R185 


~8.1Vdc 


U28, Q42 or Q43 circuitry 


Right end of R187 


~ - 6.9Vdc 


U28, Q42 or Q43 circuitry 


Q42 collector 


~ -I-6.5V if U29 pin 13 low. 
~ -6.5V If U29 pin 2 low. 


U28, Q42 or Q43 circuitry 


Q45 Emitter 
(VLOOP) 


Q42 collector voltage 

Aj-| V ± IV. 


Q44 or Q45 circuitry 



Check the setting of R1 84 and the circuitry around U32 
range switches and loop filter components connected 
between the collector of Q42 and the gate of Q44. 



Related information in this manual. 
Schematic: 0103-00-1455 Sheet 3. 

Circuit Description: Paragraph 4.9. 
Calibration Procedure: Table 5-1, Step 23. 



6.3.31, Waveform Synthesizer 



All components referenced in this paragraph are located 
on the waveform generator board unless otherwise 
specified. 



Press “Reset”, set frequency to 100Hz, then take the 
measurements as shown in tables 6-35 and 6-36. 



Table 6-35. Function Select Control Line Fault Isolation 



Function 


Normal Reading At 
U19Pin1(FSO) 


Normai Reading At Feed-Through Between 
Ends Of U10 And U11 (FS1) 


DC 


TTL Low 


TTL Low 


Sine 


TTL Low 


TTL Low 


Square 


TTL Low 


TTL Low 


Triangle 


TTL Low 


TTL High 


Rmp Up 


TTL High 


TTL Low 


Rmp Dn 


TTL High 


TTL High 



6-23 




Table 6-36. Waveform Synthesizer Fault Isolation 



Test Point 


Normal Reading 


Possible Cause of Wrong Reading 


U30-8 (LF) 


Low. 


Analog Interface (paragraph 6.3.8), J6, J7, func- 
tion selector (paragraph 6.3.34). 


U6 pin 2 (MFSQ) 


1 0OkHz Clock pulses 


Square selector (paragraph 6.3.36). 


U4 pin 3, U7 pins 7, 
through 1, U7 pin 23 


Data lines change 


U4, U6, U13 or associated circuitry 


U13 pin 1 


Test point switching coin- 
cident with positive and 
negative triangle peaks at 
Func Out on dual trace 
scope. Sink to test point. 


U3 or associated circuitry 


U14 pins 3, 4, 7, 8, 
13, 14, 17 and 18 


Data lines change 


U7 or associated circuitry 


U21 pins 5 through 
12 


Data lines change 


U14 or associated circuitry 


U21 pin 4 (DAC 
output) 


Correct waveform 


U21 or associated circuitry 



6.3.32 Sine Converter 

Related information in this manual. 

Schematic: 0103-00-1455 Sheet 4. 

Circuit Description: Paragraph 4.11.1. 

Caiibration Procedure: Table 5-1 , Steps 20 and 26. 



Note 

Time symmetry and dc offset of triangle 
affects the sine distortion; refer to the calibra- 
tion procedure, steps 18,19, 20, 26 and 30. 



All components referenced in this paragraph are located 
on the waveform generator board unless otherwise 
specified. 

Press “Reset” then take the measurements as shown 
in figure 6-4. 

Below 1 kHz, the sine converter has no affect on the sine 
wave because it’s created by the waveform synthesizer. 



6.3.33 Function Selector 

Related information in this manual. 

Schematic: 0103-00-1455 Sheet 4. 

Circuit Description: Paragraph 4.11.2. 

Calibration Procedure: Table 5-1 , Steps 27 and 28. 

All components referenced in this paragraph are located 
on the waveform generator board unless otherwise 
specified. 

The function selector, which consists of three switches, 
routes the various functions to the preamplifier. Only one 
switch will be closed at a time. 

Table 6-37 describes all function control lines. ATTL low 
(“0”) originating from the microprocessor section 
enables the respective function selector switch or logic 
gate. A TTL high (“1”) disables the function selector 
switch or logic gate. 

6.3.34 Preamplifier 

Related information in this manual. 

Schematic: 0103-00-1455 Sheet 4. 

Circuit Description: Paragraph 4.11.3. 

Calibration Procedure: Table 5-1, steps 8 and 14. 
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Q9 

EMITTER 

(TRI) 



U31 PIN 12 
(FUNC OUT) 



J7 PIN 14 
(SIN) 




Q27 BASE 



~ + 4V 



U30 PINS 14 AND 15 SHORTED 

(SINE SWITCH) 



Figure 6-4. Sine Converter 



Table 6-37. Function Control Lines 



Freq 


Function 


U1-5 

(LF) 


J7-13* 

(LF) 


@ 

(SIN) 


c 

(SQR) 


# 

(TRI) 


U3-4 

(KILL) 


U19-1 

(FSO) 


* * 

(FS1) 


>1kHz 


DC 


0 


1 


1 


1 


1 


0 


0 


0 




Sine 


0 


1 


0 


1 


1 


1 


0 


0 




Square 


0 


1 


1 


0 


1 


1 


0 


0 




Triangle 


0 


1 


1 


1 


0 


1 


0 


1 




Ramp Up 


— 


— 


— 


— 












Ramp Dn 


— 


— 














<1kHz 


DC 


0 


1 


1 


1 


1 


0 


0 


0 




Sine 


1 


0 


1 


1 


1 


1 


0 


0 




Square 


1 


1 


1 


0 


1 


1 


0 


0 




Triangle 


1 


0 


1 


1 


1 


1 


0 


1 




Ramp Up 


1 


0 


1 


1 


1 


1 


1 


0 




Ramp Dn 


1 


0 


1 


1 


1 


1 


1 


1 



* J7 pin 1 is nearest to R184. 

@ Right end of R1 64 (viewed from front of instrument) 
c Right end of R1 44 (viewed from front of instrument) 

# Right end of R1 67 (viewed from front of instrument) 
** Feed-through between ends of U10 and U11. 
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All components referenced in this paragraph are located 
on the waveform generator board unless otherwise 
specified. 

DC Problems 

Press “Reset”, set function to DC, then take the 
measurements as shown in table 6-38. 



Table 6-38. Preamplifier Voltage 
Check in DC Function 



Test Point 


Desired Resuit 


Right end of R150 


~ -0.7Vdc 


J15-6 


~ OVdc 


Right end of R141 


~ OVdc 


Right end of R134 


~ OVdc 


Q31 base 


+ 6.0Vdc 


Q32 base 


- 6.0Vdc 


Across R137 


~ 0.5Vdc 


CR33 anode 


-hlO.OVdc 


Q29 emitter 


-f- 10. OVdc 



Waveform Problems 

Press “Reset” , set amplitude to maximum, then take the 
measurements as shown in table 6-39. 



Table 6-39. Preamplifier Voitage 
Checks in Sine Function 



Test Point 


Desired Result 


Right end of R150 


0.7Vdc 


J15-6 


±0.5V sine wave 


Right end of R1 41 


±0.5V sine wave 


Right end of R134 


~ OVdc 


Q31 base 


-1- 6.0Vdc 


Q32 base 


- 6.0Vdc 


Across R137 


~ O.SVdc 


CR33 anode 


-MO.OVdc 


Q29 emitter 


H-IO.OVdc 



6.3.35 Square Selector 

Related information in this manual. 

Schematic: 0103-00-1455 Sheet 3. 

Circuit Description; Paragraph 4.11.4. 

All components referenced In this paragraph are located 
on the waveform generator board unless otherwise 
specified. 

Press “Reset”, set frequency as specified, then take the 
measurements as shown in table 6-40. 



Table 6-40. Square Selector 



Programmed 

Frequency 


U1-5 (LF 
Control 
Line) 


Square 

Source 


TTL Out 


Right End Of 
R124(TTLSQR) 


U8-3 

(HFSQ) 


U15 pin 8 
(FGSYNC) 


>1.00 kHz 


Low 


SWSQR 

(Function 

Generator) 


TTL square 
wave in phase 
with U8-2 
(SWSQR) 


TTL square 
wave at Func 
Out frequency 
when in square 
function 


TTL square 
wave at func- 
tion generator 
when in synthe- 
sizer mode 


TTL square 
wave at Func 
Out frequency 


<1 .00 kHz 


High 


U4-6 

(Waveform 

Synthesizer) 


TTL square 
wave in phase 
with U4-6 


TTL square 
wave at Func 
Out frequency 
when in square 
function 

I 


TTL square 
wave at func- 
tion generator 
frequency 
when in syn- 
thesizer mode 


TTL square 
wave at Func 
Out frequency 
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6.3.36 Square Shaper 

Related information in this manual. 

Schematic: 0103-00-1455 Sheet 4. 

Circuit Description; Paragraph 4.11.5. 

Calibration Procedure: Table 5-1 , Step 29. 

All components referenced in this paragraph are located 
on the waveform generator board unless otherwise 
specified. 

Press “Reset”, set function to square, then take the 
measurements as shown in figure 6-5. 

Verify U1 pin 3 (SQR) low only when square function 
selected. 



TTL 




Figure 6-5. Square Shaper 



6.3.37 XY Multiplier 

Related information in this manual. 

Schematic: 0103-00-1455 Sheet 5. 

Circuit Description; Paragraph 4.11.6. 

Calibration Procedure: Table 5-1 , Steps 7, 1 2 and 22. 

All components referenced in this paragraph are located 
on the waveform generator board unless otherwise 
specified. 

Press “Reset”, set amplitude to maximum, function to 
DC, then take the measurements as shown in table 6-41 . 



Table 6-41 . Preamplifier Voltage 
Checks In Sine Function 



Test Point 


Desired Result 


U31-12 


OV 


U31-2 and 14 


+ 7.5V 


U31-4 


-MV 


U31-8 


-M.2V 



6.3.38 Output Amplifier 

Related information in this manual. 

Schematic: 0103-00-1455 Sheet 5. 

Circuit Description: Paragraph 4.11.7. 

Calibration Procedure; Table 5-1 , steps 9, 1 0, 1 3, 24, 
25 and 31 . 

All components referenced in this paragraph are located 
on the waveform generator board unless otherwise 
specified. 

Press “Reset", set function to DC, then take the 
measurements as shown in table 6-42. 



Table 6-42. Output Amplifier 



Test Point 


Desired Results 


Left end of R240 


~0Vdc 


U31 pin 2 


- 1 - 7.8Vdc 


U31 pin 14 


-f-7.8Vdc 


U33 pin 4 


-t- 0.3Vdc 


U33 pin 5 


-f-0.3Vdc 


U33 pin 6 


-13Vdc 


U33 pin 10 


~0Vdc 


U33 pin 11 


-H 1 3Vdc 



6.3.39 Output Attenuator 

Related information in this manual. 

Schematic; 0103-00-1455 Sheet 6. 

Circuit Description; Paragraph 4.11.8. 

CAUTION 

Terminate the Func Out with 50Q load. 

All components referenced in this paragraph are located 
on the waveform generator board unless otherwise 
specified. 

Press “Reset” then take the measurements as shown 
in table 6-43. 



Table 6-43. Attenuator 



Test Point 


Amplitude 

Setting 


Desired Result 


Aq* 


5Vp-p 


TTL Low 


Ai** 


5Vp-p 


TTL Low 


Ao* 


500mVp-p 


TTL Low 


AM* 


500mVp-p 


TTL High 


Ao* 


50mVp-p 


TTL High 


Ai** 


50mVp-p 


TTL High 



* Right end of Cl 74 (viewed from front of instrument) 
** Right end of Cl 73 (viewed from front of instrument) 
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Table 6-44. TTL Driver 



Frequency Setting 


SA* 


SB** 


Sync Source 


< 1kHz 


TTL Low 


TTL Low 


Waveform synthesizer (FGSYNC) 


1kHz to 12MHz 


TTL High 


TTL High 


FSYNTH 


12MHz to 16MHz 


TTL Low 


TTL High 


U27 pin 14 (microprocessor/synthesizer board) 


16MHz to 32MHz 


TTL High 


TTL Low 


U27 pin 13 (microprocessor/synthesizer board) 



* U14 pin 19 on microprocessor/synthesizer board. ** U14 pin 16 on microprocessor/synthesizer board. 



6.3.40 Function Output Protection 

Reiated information in this manual. 

Schematic; 01 03-00-1 455 Sheet 6. 

Circuit Description; Paragraph 4.11.8. 

All components referenced in this paragraph are located 
on the waveform generator board unless otherwise 
specified. 

Press “Reset” then check for 5Vp-p (1 OVp-p unloaded) 
sine wave at the Function Out BNC. 

WARNING 

POWER MUST BETURNEDOFF BEFORE 
CHECKING FUSE AND DIODES. 

If no signal is present, check fuse (F3) and damaged 
diodes (CR53, CR54, CR55, CR56). 

6.3.41 TTL Driver 

Related information in this manual. 

Schematic; 0103-00-1455 Sheet 6. 

Circuit Description; Paragraph 4.12. 

All components referenced in this paragraph are located 
on the waveform generator board unless otherwise 
specified. 

Press “Reset”, set mode to clock, then take the 
measurements shown in table 6-44. 

6.3.42 ECL Driver 

Related information in this manual. 

Schematic; 0103-00-1455 Sheet 6. 

Circuit Description; Paragraph 4.12. 



Press “Reset”. 

Refer to paragraph 6.3.41 if TTL Out signal not normal. 

All components referenced in this paragraph are located 
on the waveform generator board unless otherwise 
specified. 

Take the measurements as shown in table 6-45. 



Table 6-45. ECL Driver 



Test Point 


Desired Result 


Q38 Base 


TTL level square wave 


Q39 Base 


-h 6.5Vdc 


Q40 Base 


Square wave at levels of -i- 0.2V 




and - 1 .3V. 


Q41 Base 


-h 1 .4Vdc 



6.3.43 Power Supply 

Related information in this manual. 

Schematic; 0103-00-1 1 1 3 Sheet 1 . 

Circuit Description; Paragraphs 4.13, 4.13.1 and 
4.13.2. 

Calibration Procedure; Table 5-1 , steps 1 through 3. 

To replace fuse, refer to paragraph 2.2.3. 

.All components referenced in this paragraph are located 
on the power supply board unless otherwise specified. 

Check voltages given in table 6-46 to determi ne a faulty 
power supply. 
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Table 6-46. Power Supply 



Supply 


Voltage 

Tolerance 


Test Point 


Maximum 

Input 

Ripple 


Test Point 


Maximum 

Output 

Ripple 


Test Point 


-M5V 

-15V 

-F5V 


± 350mV 
± 350mV 
± 250mV 


VR1-14 

VR1-7 

VR2 top lead 


3Vac 

3Vac 

3Vac 


VR1-3 

VR1-4 

VR2 bottom lead 


0.02Vac 

0.02Vac 

0.02Vac 


VR1-14 

VR1-7 

VR2 top lead 



If an input measures bad, remove power and connector 
J3, then check for: 

(a) Blown fuse. 



forward voltage across Its base-emitter junction 
should be off (no collector current); otherwise one 
of the transistors is defective. 



(b) Shorted or open diodes (CR1 , CR2). 

(c) Shorted or open capacitors (C2, C3, C4, C5, Cl 0, 
C1 1) at the input of the pass devices. 

(d) Short between the pass devices’ metal mounting 
tab and chassis ground. 

(e) Bad transformer. 

If all Inputs measure good, remove power and connec- 
tors J4 and J5, then check for: 

(a) Shorted capacitors at the regulator’s output. 

(b) Short between pass devices’ metal mounting tab 
and chassis ground. 

(c) Excessive loading by board circuits; to verify, 
disconnect by removing either J4 or J5. 

(d) Check -M 5V and - 1 5V pass devices for normal 
transistor operation. 

(e) If all of the above conditions appear normal, 
replace the voltage regulator; VR1 for -i-5Vand 
VR2 for -I- 1 5V and - 1 5V. 

6.4 TROUBLESHOOTING INDIVIDUAL COMPONENTS 

6.4.1 Transistor 

1. A transistor is defective if more than IVdc is 
measured across its base-emitter junction in the 
forward direction. 

o A I iqqH po p cvA/l+/^h mo\/ hpv/ti P fp\A/ 

II CU IOIOIV-/I t V¥l iSl I WOCv-l CivJ Ci OV» I IV/I i , I I iG)r I I v» ¥ ^ » 

volts reverse bias voltage across the base-emitter 
junction. 

3. If the collector and emitter voltages are the same, 
but the base-emitter voltage is less than 500 mV 
forward voltage or reversed bias, the transistor is 
defective. 

4. In a transistor differential pair (common emitter 
stages), either their base voltages are the same in 
normal operating condition, or the one with less 



6.4.2 Diode 

1 . A diode (except a zener) is defective if there is 
greater than 1 Vdc (typically 0.7Vdc) forward voltage 
across it. 

6.4.3 Operational Amplifier 

1 . Generally the “ -f ” and “ - ” inputs of an operational 
amplifier will have less than 1 5 mV voltage difference 
when operating under normal conditions. 

2. When the output of the amplifier is connected to the 
“ - ” input (voltage follower connection), the output 
should be the same voltage as the “ -l- ” input 
voltage; otherwise, the operation amplifier is 
defective. 

3. If the output voltage stays at maximum positive, the 
“ + ” input voltage should be more positive than 
“ - ” input voltage, or vice versa; otherwise, the 
operational amplifier is defective. 

6.4.4 FET Transistor 

1 . No measurable gate current should be drawn by the 
gate of an FET transistor. If so, the transistor is defec- 
tive. Gate-to-source voltage is always reverse biased 
under a normal operating condition; e.g., the source 
voltage is more positive than the gate voltage for 
2N5485 and the source voltage is more negative 
than gate voltage for a 2N5462. Otherwise, the FET 
is defective. 

6.4.5 Capacitor 

1 . Shorted capacitors have OV across their terminals. 

2. Open capacitors can often be located by using a 
good capacitor connected in parallel with the 
capacitor under test and observing the resulting 
effect. 

3. Leaky capacitors will often have a decreased 
voltage across their terminals. 
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SECTION f 
PARTS AND SCHEMATICS 



7.1 DRAWINGS 

The following assembly drawings (with parts lists) and 
schematics are in the arrangement shown below. 

7.2 ERRATA 

Under Wavetek’s product improvement program, the 
iatest electronic designs and circuits are incorporated 
into each Wavetek instrument as quickly as development 
and testing permit. Because of the time needed to com- 
pose and print instruction manuals, it is not always 
possible to include the most recent changes in the initial 
printing. Whenever this occurs, errata pages are 



prepared to summarize the changes made and are 
inserted inside the shipping carton with this manual. If 
no such pages exist, the manual is correct as printed. 

7.3 ORDERING PARTS 

When ordering spare parts, please specify part number, 
circuit reference, board, serial number of unit, and, if 
applicable, the function performed. 

The number etched into a PC board is the board part 
number. The assembly (PC board and components on 
the board) part number is stamped on the board. 



DRAWING 
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Instrument Schematic 
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0004-00-0360 

1000-00-0360 


Front Panel Schematic 
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Rear Panel Assembly 
Rear Panel Parts List 


1101-00-1703 
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Waveform Generator Board Assembly 
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Power Supply Assembly/Parts List 
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3100-00-0002 


1 






20X, 50V, 25U 














































BATTERY, 3V LITHIUM 


BR-2/3A 


P/VsiAS 


4000-02-<K)08 








CAP, MICA, 20PF, 500V 


DM15-200J 


ARCO 






















L 

TITLE 


















L 


RES, nP. 1/8W. IX. IK 


RN55D-1001F 


TRW 


4701-03-1001 


1 



Fwns LIST 



TITLE 

PCA. MPRQC/SYNTHESI2ER BD 



ASSEMBLY NO. 



1100-00-1454 
PAGE 3 



REFERENCE DESIGNATC^S 


PART DESCRIPTION 


ORIG-MFCR -PART-NO 


MFGR 


I6AVETEK NO. 


QTY/PT 


C17 C18 C2 C20 C36 C39 C6* 


CAP. ELECT, 10MF/25V 
RADIAL LEAD, SP . 10 


CRE SERIES 10/25 


CAPAR 


1500-31-0002 


7 


C22 C24 C26 C31 C69 


CAP, ELECT. lOOMF. 25V 
RADIAL LEAD. SP . 20 


ULBIVIOIM 


NICH 


1500-31-0102 


5 


C58 




CAP ELECT, END MOUNT 
0. 2 LEAD SPACE, 1000 
MF 


UVHIC102M 


NICHC 


1500-31-0214 


1 


C3 C35 




CfiP. PO-Y, .IMF. 63V. 
RADIAL LEAD 


168/. 1/J/63/B 


WEST 


1500-41-0813 


2 


C79 C81 C83 CSS 




CAP, POLY, .11^, 50V. 
AXIM. LEAD 


Z5A104M 


ELPAC 


1500-41-0823 


4 


C33 




GAP.r^T. POLY, 5X 
- 033MF.63V RADIAL 
LEAD SP . 2 


168/.033/J/63/A 


WEST 


1500-43-3304 


1 


C32 C34 




CAP. MET-POLY, 5X. 471^, 
63V RADIAL LEAD SP . 1 


168/. 47/J/63/F 


WEST 


1500-44-7413 


2 


C29 




VAR I, 15-60PF. 200V 


33e-011F1560 


ERIE 


1500-56-0010 


1 


C59 




CAP, T(WT, 22MF. 20V 


202A2002226M3 


MATSO 


1500-72-2621 


1 


8 




W?ILL. DRWG, MPROC/ 
S>H«JTHESIZER BD 


1700-00-1454 


WVTK 


1700-00-1454 


1 


L3 




CHOKE. 68 MICRO HENRY 


IR-2 


DALE 


1800-00-0018 


1 


LI L2 




INDUCTOR, , 1 MICRO H | 


1025-94 


DELvn 


1800-00-0020 


2 


VAvetek 
FARTS LIST 


TITLE 

PCA. MPROC/SYNTHESIZER BD 


1 ASSEMBLY NO. 

1 P 


1100-00-1454 
AGE 2 


REV 

G 



REFERENCE DESIGNATORS 



R16 R25 R26 R32 R5 R57 R6lj 
R65 R66 R70 



R6 
RS2 
R3P 

R36 R37 R44 R45 
R23 

R42 RS3 

Rll R31 R38 R40 R43 R46 Rlij4 
R69 

R15 R58 
R55 R56 
R21 R22 
R13 

R34 R54 
R33 

R19 R20 R3 R39 R41 R62 R67j 



PART DESCRIPTION 



RES, MF> 1/8U. IX. lOK 

RES, MF, 1/3W, IX, lOOK 
RES, MF, 1/SW, 1%, IM 
RES, MF, 1/8U, IX, 10 
RES, MF, 1/SW, IX. IIK 
RES. MF. 1/SW, IX, 1. 5K 
RES, MF, 1/8W, 1X> 15K 
RES, VF, l/BU. IX, 200 
RES, MF, 1/8W, IX, 2K 

RES. MF. 1/8U. 1%. 20K 
RES. MF, 1/8W, IX. 221 
RES, MF, 1/8W, IX, ^IK 
RES, 1/8M. IX, 2. 37K 
RES, MF, 1/^. IX, 2. 49K 
RES, MF. 1/eW, IX, 24. 9K 
RES. FT. \/&4. IX. 3. OIK 



OR I G-MFGR -PART-NO 



RN55D-1002F 

RN55D-1003F 

RN55D-1004F 

RN55D-10R0F 

RN55D-1102F 

RN55D-1501F 

RN55D-150^ 

RN55D-20OOF 

RN55D-2001F 



RN55D- 

RN55D- 

RN55D- 

RN55D- 

RN550- 

RN55D- 

RN55D- 



-2002F 
•2210F 
■2213F 
•2371F 
•249 IF 
•2492F 
■3011F 



Vn^vetek 

FARTS LIST 



TITLE 

PCA, MPROC /SYNTHESIZER BD 



TRW 

TRW 

TRW 

TRW 

TRW 

TRW 

■raw 

TRW 

TRW 

TRW 

raw 

TRW 

raw 

TRW 

TRW 

TRW 



WAVETEK NO. 



4701-03-1002 

4701-03-1003 

4701-03-1004 

4701-03-1009 

4701-03-1102 

4701-03-1501 

4701-03-1502 

4701-03-2000 

4701-03-2001 

4701-03-2002 

4701-03-2210 

4701-03-2213 

4701-03-2371 

4701-03-2491 

4701-03-2492 

4701-03-K511 



1100-00-1454 
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BY I DATE I APP 



REFERENCE DESIGNATORS 



RIG 

R14 

R12 

R47 

R27 

R24 

R2 

R1 

R4 

R35 

R17 Ria R2B R29 

R48 R49 

R60 

R63 R68 
R59 

RNl RN2 



PART DESCRIPTION 



RES. MF. 1/8W, IX, 30. IK 
RES, MF, 1/8W, IX, 301K 
RES, MF, 1/SW, 1%, 3. 16K 
RES, MF, 1/8W, IX, 332 
RES. MF. 1/8W, IX. 3. 32K 
RES, MF. 1/8W, 1%, 3. 57¥, 
RES.PF, 1/SW, IX, 357K 
RES. MF, 1/8W, IX, 3. 92K 
RES. MF, 1/8W. IX. 4. 87K 
RES, MF, 1/eW, IX. 4. 99K 
RES, MF, 1/BW, IX, 49. 9K 
RES, MF, 1/8W, IX, 49. 9 
RES, MF. 1/8W, IX, 6. 04K 
RES. 1/8W, IX, 6. 98K 
RES, MF, 1/BW. IX, e. 87K 
RES MODULE, 470K | 



VviWETEK 

FARTS LIST 



TITLE 

PCA, NPRDC/SYNTHESIZER BD 



ORIG- 


hFOR-P ART-NO 


MFGR 


WAVETEK NO. 


QTY/PT 


RN55D 


-3012F 


TRW 


4701-03-3012 


1 


RN55D 


-3013F 


raw 


4701-03-3013 


1 


RN55D-3161F 


TRW 


4701-03-3161 


1 


RN55D-3320F 


TRW 


4701-03-3320 


1 


RN55D 


-3321F 


raw 


4701-03-3321 


1 


RN55D 


-3S71F 


raw 


4701-03-3571 


1 


RN55D-3573F 


TRW 


4701-03-3573 


1 


RN55D- 


-3921F 


TRW 


4701-03-3921 


1 


RN55D- 


-487 IF 


TRW 


4701-03-4871 


1 


RN55D- 


-499 IF 


TRW 


4701-03-4991 


1 


RN55D- 


-4992F 


TRW 


4701-03-4992 


4 


RN55D' 


-49R9F 


CORNG 


4701-03-4999 


' 2 


RN55D- 


-6041F 


MEPCO 


4701-03-^041 


1 


RN55D- 


'698 IF 


raw 


4701-03-6981 


2 


RN55D- 


•887 IF 


TRW 


4701-03-8871 


1 


810-1- 


474-J 


TRW 


4770-00-0034 


2 




ASSEMBLY NO. 






REV 






1100-00-1454 


G 




1 

1 PAGE 5 








RMTTS UST 



TITLE 

PCA, MPROC/SYNTHESIZER BD 





-j 










◄ 


REFERENCE DESIGNATORS 


PfiHT DESCRIPTION 


OR IC-MFQR-P ART-NO 


MFGR 


WAVETEK NO. 


QTY/PT 




JPl JP2 


RKISTOR. 0 OHM 
JUf«»ER 


JP02T68G 


ROHM 


4799-00-0087 


2 




CR9 


DIODE 


1N751A 


FAIR 


4801-01-0731 


1 




CR2 


DIODE 


MBR 120 


MOT 


4806-02-0120 


1 




CRl 


DIODE, ULTRA FAST 


FD777 


FAIR 


4807-02-0777 


1 




CRll CR12 


DIODE 


1N414S 


FAIR 


4007—02—6666 


2 




CRIO CR3 


DIODE 


5082-2811 


HP 


4809-02-2811 


2 




CR4 CR5 CR6 CR7 CR8 


DIODE. BB909B 


5130-30395 


AMPRX 


4899-00-0040 


5 




QIO Q5 Q6 Q7 08 


TRiWS 


^3563 




4901-03-5630 










FAIR 


5 




Qll Q2 Q3 04 


TRANS 


2N3904 


FAIR 


4901-03-9040 


4 




09 


TRANS 


2N5771 


NSC 


4901-05-7710 


1 




01 


TRANS 


VNIOKM 


SILX 


4902-00-0100 


1 




U35 


1C 


TL084CN 


TI 


7000-00-8400 


1 




U23 U33 


IC 


LF353N 


NSC 


7000-03-5300 


2 




U1 


IC 


LM393N 


NSC 


7000-03-9300 


1 




U32 


IC, DAC 


DACIOO^CN 


NAT 


7000- 10-0600 


1 




U2 


IC, RESET GEN 


TL7705A 

1 1 


TI 


7000-77-0501 


1 





1100-00-1454 
PAGE 6 



NOTE: UNLESS OTHERWISE S’ECIFIEO 




AGOfSER NO. AZnW 



REMOVE ALL BURRS 
AND BREAK SHARP EDGES 



Re LEASE APPROV 



TOLERANCE UNLESS 
OTHERWISE SPECIFIED 
XXX r.OlO ANGLES • 1 
■ XX :.030 






SAN OIEGO • CALIFORNIA 



PARTS LIST 

MPROC/SYNTHESIZER BD 



B 









8 



6 



5 



7HI$ DOCUMENT CONTAINS PROPRIETARY INFOR- 
MATION AND DESIGN RIGHTS BELONGING TO 
WAVETEK AND MAY NOT BE REPRODUCED FOR ANY 
REASON EXCEPT CALIBRATION, OreRATION, AW 
MAINTENANCE WITHOUT WRITTEN AUTHORIZATION. 



D 









THIS DOCUMENT CONTAINS PNOPRIETARY INFOR- 
MATION AND DESIGN RIGHTS BELONGING TO 
WAVETEK AND MAY NOT BE REPRODUCED FDR ANY 
REASON EXCEPT CALIBRATION. OPERATION. AND 
MAINTENANCE WITHOUT WRITTEN AUTHORIZATION. 



QVRKIG 

J7-3 



SYWTH 

( 3 C 1 ) 



V FREQ - 
JT-10 



LOOPTST 

J15-4 



-Lcfc4 




+15 




i-C58 


X CE.25 14 


13 


1 1 to 


J.Ol 


FREQ 


■R70 


■^9 


C5fa 1 '* 

1 1 1 


S>lkl95qBj~ 

8.ev 




1 


i — I 


LO 


nOOK S 


1KA 


lOOpF 


1 ^ 




^ I 



' IT 5 - 



75K 

(,1mA /MHt.', 




VCG IW fR- q£42 — 

J18 V V 



■ 7-..E40 3 



+15 +5 

1 13 I ie| 

^DGSn 

if r 

<7-16 



2 "R94 



9.76 K 



•R83 

-^/V\ ^ 

4..qQK | + _ 



TOOK 

1 

-15 






V LOOP 

Cgci) 

SYNTH 

J 7 -Z 




a T2TO 

) — I — 

_L L.49K 
-r Cl£>Z 

h 



LOW SYM 



-^+/U23 

pYj CR44 

xTLDSH- * 1K1414-8 



HIGH FREQ VCVT5T 



CR30JCR29 

1 M 4148 C 2 ) 



C21 
1 " 100 
I 85 V 



^ 

L3Z5 

iTUW 



POWER 

SUPPLY 



J5-1 

VC 6 TST 



;>R;81 I 
P 2.49 K 



U 2 l 3 <U 27 

V 4 D &211 s (DIP) 
aJ 1 K 



U 23 1 W 414 SI 

iTuce^ 



C"R.24 

/1M959B 

' a.?vi — 



P/0 

CA3019 



U25 

CA30%AE 



t -n 


'/lO/sfe U.ET 


F *^4929 air 


'9's/m 


[ G t 


lax 


'/lo/Az A.E.T 


I H |«-7626 UiT 




J #7644 


ACT 


Aslfe 7)/*1 


K *90-1ZC 


B-G. 




L ** 9a-341 


U4 


<■ 1 “ID IW 



I SOURCE 
(2D&) 



HIGH FREaUEMCY COMP 



Pfol 

llKIOIk. 



HIGH SYM 







- 


r ' (\ 






7 


ifa I '+*Y 


1 14 ^ 


L 


t' ' 




< U 27 < 


i UZ 7 < 


i U 27 




SCPiP) < 


>CPIP) < 


>(Dip; 


< 


1 1 


1 'K ' 


I Ik. 


j 1 


il— 1 


i s 




\ 1 



12 MHz ADJ 



ai9 

2U390<4 





\ 14 


13 


/U23 

^TLCSH 



Q20 

2M3904 



Q21 

EM3904 




+ C0MP 

(2B1 ) 

-COMP 

(2A4) 



Q18 

eM3904 



IN 4148 
(3) 



RUN 

(3A3) 



MATCHEB SET OF 2 2N35G3 TRANSISTORS 
P/N 4998-00-0004. 

MATCHED SET OF & FD-777 DIODES 
P/N 4898-00-0021. 

* INDICATES VALUE IS NOMINAL, SEE PARTS LIST 
ACTUAL COMPONENT TO BE SELECTED AT UNIT TEST. 

FOR UNIT INTERCONNECTION SEE INSTRUMENT SCHEMATIC 
0004-00-0360. 

I MATCHED PAIR- PET'S p/w 499S- Q0-CO09 (SH 2 OFfc ) . 
MATCHED PAIR CAPACITORS p/n 1SQ9-80-0012 (SH 2 OFO ' 
CAPACITOR, values AE.E IkJ MICROFARADS ) . 
RESISTOR. VALUES ARE IM OHMS ( JI ) , 1 /8 WATT 

NOTE UNLESS OTHERWISE SPECIFIED 




VCG TST 

+5v 

6ND 

LOOP TST 
VCV TST 
FUWt TST 
-15 V 
-15V 

PUN TST 



TR.1 TST 
+ 15v 



FR7 

SYNTH 

OVRUG 

FPG 

FR5 

GND 

Vnull 

Vamp 

VpR.Ea 

VoFST 

LF 



DIGITAL BOARD 





TRIG EM — 
FSJ0- — 
TRIG SLOPE— 
— 

-15v — 
+ 5V — 
SQR — 
+ 1Sv ^ 
HAV -2 
FSI^ 

EDGE 




C0NUECTO12 



J18 — VCG IN 
JI9 — trig IN 
J20— am in 
J21 — TTL OUT 
J22 — ECL OUT 
J23— tunc OUT 



I SINK 
(2C8) 



REMOVE ALL BURRS DRAWN 

AND BREAK SHARP EDGES 
MATERIAL P^JEN 



ijfefe+ \AZa\/i=r-reri^ 

i.i M ^ kHB I S«N DIEGO • CAUFOXNI 

ss APFBov SCHEK/IATI C, 

iTerance unless ^ WAVEFOEM GEMEEATOE 

HEHWISE SPECIFIED "D P\ A D PS 

tolo anglesm- DUMklJJ 



TOLERANCE UNLESS Y VM V LI T 

‘ OTHERWISE SPECIFIED 
• XXX t 010 ANGLES M' 

XX L030 

DO NOT SCALE DWG model no 
SCALE 23 



0103-00-1455 L 

SHEET 1 OF La 



0103-00-I4S5 











0103 - 00 - 14-55 











THIS DOCUMENT CONTAINS PROPRIETARY 
MATION AND DESIGN RIGHTS BELONG 
WAVETEK AND MAY NOT BE REPRODUCED I 
REASON EXCEPT CALIBRATION. C 
MAINTENANCE WITHOUT WRITTEN 




NOTE UNLESS OTHERWISE SPEClPlED 

(SEE SHEET 1.) 



0103-00 -14SS 



































[Q1Q3-QQ-1455 
















BY j DATE I APP i 



B 



THIS DOCUMENT CONTAINS PflOPRIETAHY INFOR- 
MATION AND DESIGN RIGHTS BELONGING TO 
WAVETEK AND MAY NOT BE REPRODUCED FOR ANY 
REASON EXCEPT CALIBRATION- OPERATION- AND 
MAINTENANCE WITHOUT WRITTEN AUTHORIZATION. 



+ 15V 



XY MULTI AMD P AMP 



FUNIC OUT 

(4ci; 



j7-q 




PA OUT 
(t.Dl ) 



B 



NOTE UNLESS OTHERWISE SPECIFIED 

CSEE SHEET 1.) 


REMOVE ALL BURRS 
AND BREAK SHARP EDGES 


ORAUm 


DATE 


▼ MM 1 SAM DIEGO » CALIFORNIA 

SCHEMATIC, 

WAVEFORM GEWER.AT0R 
BOA'ED 


MATERIAL 

FINISH 

WAVETEK PROCESS 

nt-' 


HaOJ ENGR 




WLE*S,£ APPROV , , 

TOLERANCE UNLESS 
OTHERWISE SPECIFIED 
XXX 1.010 ANGLES -1 

.XX 8 030 


DO NOT SCALE DWG 
SCALE 


MODEL NO DWG NO. REV 

23 0103-00-14S5 L 

CODE H, ~ ~ ' 'r- 7 H 


« 1 7 1 6 1 5 t 4 1 3 




2 





010 3 - 00 -14 55 [l7 















0103 - 00-1455 













THIS DOCUMEKrT CONTAINS PRC!^!ETAR' 
MATION AND DESIGN RIGHTS 6ELWI 
WAVETEK AND MAY NOT BE REPRODIXTED 
REASON EXCEPT CALIBRATION, OPERA 
MAINTENANCE WITHOUT WRITTEN AUTHC 

















































B 



THIS DOCUMENT CONTAINS PROPRIETARY INFOR- 
MATION AND 0E»6N RIOHTS BELONGING TO 
WAVETEK AMO MAY NOT BE REPRODUCED FOR ANY 
REASON EXCEPT CALIBRATION, OPERATION, AND 
MAINTENANCE WITHOUT WRITTEN AUTHOBIZATKWI. 



REFERENCE DESICNATORS 


PAI^ DESCRIPTION 


ORIC-HFCR -PART-NO 


NFOR 


UAVETEK NO. 


8TY/PT 




REFERENCE 0E8I0NAT0RS 


PM^T DESCRIPTION 


0HI8-MF0R-P ART-NO 


NFOR 


UAVETEK NO. 


OTY/PT 


NONE 




SCHEMATIC VMVEFORN 


0103-00- 


-1459 


WVFTK 


0103-00-1455 


1 




C106 C19 C91 C92 


CAP. ELECT. 10NF/29V 


NRE 10/63 


NIC 


1900-31-0002 


4 




CEN BD 
















RADIAL LEAD. SP . 10 












NONE 




ASSY. CABLE K1T>23 


23-1705 




WVTK 


1207-00-1709 


1 




C21 C22 


CAP. ELECT. lOOMF. 39V 


NRE101N39V10X12. 9 


NIC 


1900-31-0102 


2 


















RADIAL LEAD, SP . 20 












C49 






0311-00018 


HVTK 


1900-00-9011 


1 




















DISK. 5PF. IKV. 10% 














C20 


CAP. ELECT. S00NF/16V 


NRE101M16V6. 3X11 


NIC 


1900-31-0111 


1 




















RADIAL LEAD. SP . 20 












ClOO C126 C99 




CAP.CER. lOPF. IKV 


DD-lOO 




CRL 


1900-01-0011 


3 














1900-41-0314 


















C109 


CAP, NYLAR, . OIMF, lOOV 


229P10391WD3 


SPRAG 


1 


C17 C54 C56 C7B 




CAP. CER. lOOPF. IKV 


DD-101 




CRL 


1900-01-0111 


4 














1900-44-7204 


















C112 


CAP. NYLAR, . 0047MF, 100 


229P47291UD3 


a^RAG 




C173 C174 C32 C33 C34 C79 


CAP.CER. . 0011^. IKV 


DD-102 




CRL 


1500-01-0211 


9 






V. RADIAL 












C83 CB4 C86 


















C107 C113 


CAP. NYLAR. . O47NF100V 


229P47391WD3 


SPRAG 


1500-44-7314 


2 




CAP CER MON .OIMF 50V 


lC20Z9Ui03N090B 


BPRAG 


1900-01-0311 


14 












TRIKO 


1900-91-3000 




1 C63 C64 C69 C70 €85 


C87 C88 


Z5U '^B0/-20X RAD LD 














C37 


CAP, VAR. 3. 9-13PF. 


7S-TR1R0-02 3. 9/13»F 




j C99 




. 2 
















250V 












Cl CIO ClOl C102 C103 CI04 


CAP. CER. MON. . INF. 90V. 


CAC03Z9U104Z090A 


C0RN6 


1900-01-0409 


79 




C19S 


CAP, VAR. 3-l»»F 


0KU190OO 


SPRAG 


1900-91-0010 


1 


C105 Cll Clio Clll C114 C12 
C124 C127 C128 C13 C130 


AXIAL 














C38 


CAP. VAR, 7-39PF 290V 


7S-TRIK0-02 7/35 PF 


TRIKO 


1900-93-9000 


1 


I C132 C137 C138 C139 
C142 C143 C144 C151 


C14 

C157 
















C117 C118 C119 C120 


C«», TANT. IMF. 35V 


1960109X0035HA1 


SPRAG 


1900-71-0912 


4 


C198 C16 C161 C162 Cl^ 
C1&4 C149 C175 C18 C2 C23 
















C122 C133 C134 C139 


C140 


CAP. TANT. 22NF. 20V 


202A2002226N3 


NATSO 


1900-72-2621 


12 


1 C30 C31 C35 C36 C39 


€4 C40 
















C141 C199 C160 C171 


C172 














C41 C42 C43 C44 C49 


C47 C48 
















C97 C9S 














C9 C90 C91 C92 C93 C59 C97 
C98 C99 C6 C60 C69 C68 C7 
















C131 


CAP. TANT. 33HF, 6V 


199D336X96R3CE3 


SPRAG 


1900-73-3600 


1 


C71 C72 C73 C74 C76 C79 C8 
C89 C9 C93 C94 C96 Cl 36 
















C121 C66 


CAP. TANT. 6. 8MF. 90V 


TAPB6. 8N90 


ITT 


1900-76-8903 


2 


VviAVETEK 


TITLE 

PCA. 


UAVEFORH GEN BD 




ASSEMBLY NO. 


1100-00-1459 


REV 

N 




■Wavetek 


TITLE 

PCA. 


WAVEFORM OEN BD 




ASSEMBLY NO. 


1100-00-1495 


REV 

N 


Fwns LIST 




PAGE 1 








FWTTS LIST 






PAGE 3 







REFERENCE DESIGNATORS 


PART DESCRIPTION 


OR 1 O-MFOR -P AR T-NO 


MFGR 


UAVETEK NO. 


GTY/PT 


C24T 


CAP, CER. . 0019NF. IKV 


DD-1% LONG LEAD 


CRL 


1900-01-9201 


1 


C146 CI94 C156 


Diwf i!* 9PF, IKV. TEtf> 
COMP 


NCOl. 9PF1KVH790-CR 


NIC 


1900-01-9907 


3 


C167 C168T 


CAP.CBt. 22PFi IKV 


DD-220 LONG LEAD 


CRL 


1500-02-2001 


2 


C67 


CAP. CER. 220PF. IKV 


DD-221 




Cf«L 


1900-02-2111 


1 


C146 C90 


CAP. CER. . 0022. IKV 


DD-222SLL 


CRL 


1900-02-2201 


2 


CIBO 


CAP CER MON 2. 7PF 90V 


CCDatTDNPO 


ARCO 


1900-02-7909 


1 


C80 


CAP C MON 3300PF 90V 


1801X7R090A332J 


VRDYN 


1500-03-3209 


1 


C199T 


CAP. CER. 47PF. IKV 


DD-470 LONG LEAD 


CRL 


1900-04-7001 


1 


C81T 


CAP. CER. 96PF. IKV 


DD-960 




CRL 


1900-09-6001 


1 


C149 C169 C82 


CAP, CER. 92GPF, IKV 


DD-821 LONG LEAD 


CRL 


1900-08-2101 


3 


cloe 


CAP, MICA. 220PF. 900/. R 
ADIAL 


DM19-221J 


ARCO 


1900-12-2100 


1 


C46 


CAP. MICA. 330PF. 900V 


DM19-331J 


ARCO 


1900-13-3100 


1 


C29T 


CAP. MICA. 36PF. 900V 


DM19-360J 


/wco 


1900-13-6000 


1 


C26T 


CAP, MICA, 79PF. 900V 


DM19-790J 


ARCO 


1900-17-9000 


1 


C29 


CAP. MICA, 820PF. 300V 


DM19-821F 


ARCO 


1900-18-2101 


1 


Vs4lvetek 
RWTTB LIST 


TITLE 

PCA. 


WAVEFORM OEN BD 




ASSEMBLYNO. UOO-00-1495 

PAGE 2 


FIEV 

M 



NOTE: UNLESS OTHERWISE SPECIFIED 



REFB^ENCE DESIGNATORS 


PAPJ DESCRIPTION 


ORIC-MFGR^ART-NO 


NF«R 


UAVETEK NO. 


QTY/PT 


NONE 


CAP. SET POLY MIXED 
MATCH SET 


1509-80-0012 


WVTK 


1909-80-0012 


1 


1 


DRILL DRUG. WAVEFORM 
OEN BD REF; SPEC 
0008-00-0499 REV C 


1700-00-1499 


WS/TK 


1700-00-1499 


1 


LI 


CHO*£, 68 MICRO HENRY 


IR-2 




DALE 


1800-00-0018 


1 


Jie J19 J2D V22 


023 


COTM. BNC(PC) 


S27161-1 


Al«* 


2100-01-0019 


6 


XUll XU33 


SKT. IC. 14 PIN 


DILS14P 


-106T 


BURND 


2100-03-0066 


2 


2 


SOCKET. MINISERT 


75060-012 


BERG 


2100-03-0076 


12 


J19 


CONN, HEM3ER. 14 PIN 
2X7 


CA-D14RSP100-230-090 


CA 


2100-09-0093 


1 


F3 


FUSE. 1/2A. 129V(PC) 


299. SCO 




LITFU 


2400-09-0039 


1 


FI F2 


FUSE. 1/16A AXIAL 
LEMD 


259. 062 




LITFU 


2400-09-0040 


2 


3 


HEAT Sim 


207 




WAKE 


2800-11-0001 


2 


4 


TRAN8IPAD 


10123N 




ICTRS 


2800-11-0003 


1 


9 


TRANSIPAO 


333-129-NY 


BLINN 


2800-11-0017 


3 


FBI 


FERRITE BEAD 


96-990-69/38 


FERRX 


3100-00-0001 


1 


K1 K2 


RELAY FORM 
C. ^OT. 3W.ESD CNTL 


RA304|41091-02 


ETROL 


4900-00-0018 


2 


Na^vetek 
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PCA. 
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REV 

M 



BY I DATE 1 APP 



REFERENCE DESIGNATORS 


PART DESCRIPTION 


OR IC-MFGR-P ART-NO 

. 


rFGR 


WAVCTEK NO. 


OTY/PT 


R26 




POT. TRIM. 100 


91AR100 




BECK 


460CM)1-0103 


1 


R204 




POT, TRIM. lOK 


91AR10K 




BECK 


4600-01-0319 


1 


R106 R107 R147 R166 


R247 


POT, TRIM, lOOK 


91AR10<»^ 


BECK 


4MO-01-0402 


9 


R70 R73 R88 R96 
















R232 R298 




POT, TRIM, 20 


91AR20 




BECK 


4600-02-0000 


2 


R113 R161 




POT. TRIM, 200 


91AR200 




BECK 


4600-<a-0101 


2 


R86 




POT. TRIM, 


9IAR2K 




BECK 


4600-02-0201 


1 


R203 R214 R66 




POT, TRIM. 20K 


91AR20K 




BECK 


4600-02-0301 


3 


RlOO R109 R117 R12S 
R284 R2 R223 R291 


R129 


POT, TRIM. 500 


91AR900 




BECK 


4600-09-0104 


9 


R32 R33 R34 R44 R49 




RES.C. 1/2W. 9%. 4.7 


RC-1/2-4R7J 


STKPL 


4700-25-0479 


9 


R24 




RES.C. 1/2W. 9X. IK 


RC-1/2- 


102J 


STKPL 


4700-29-1001 


1 


R208 




RE3.C. 1/2W. 9X, 470 


RCaOOF-471 


STKPL 


4700-29-4700 


1 


i R1X9 R23 R37 R47 R49 R90 


RES, I*'. 1/eW. IX. 100 


RN99D-1000F 


TRW 


4701-03-1000 


7 


R58 
















R120 RI48 RlBl R189 


R227 


RES. MF. 1/BW. IX. IK 


RH99D-1001F 


TRW 


4701-03-1001 


9 


R290 R68 R71 R74 
















R112 R133 R146 R156 


R212 


RES. PF. i/OM, IX. lOK 


RN99D-1002F 


TRW 


4701-03-1002 


9 


R91 R79 R92 R99 
















\\i\VETEK 
nWTTS LIST 


TITLE 

PCA. 


WAVEFORM OEN BD 




ASSEMBLY NO. j 100-00-1455 
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REV 

M 



! 

REFERENCE DESIGNATORS 


PART INSCRIPTION 


OR lO-fFGR-P ART-NO 


MFGR 


UAVETB^ NO. 


GTY/Pt 


R153 R199 




RES. MF. 1/8U, IX. lOOK 


RN95D-1003F i 


TRW 


4701-03-1003 


2 


R69 R72 R77 




RES. PF. 1/8W. IX. IM 


RN99D-1004F 


TRW 


4701-03-1004 


3 


R140 R240 R241 R245 


R248 


RES, MF, 1/eU. IX. 10 


5043ED10R100F 


MEPCO 


4701-03-1009 


10 


1 R249 R261 R262 R36 R46 














R29 




RES. »F. 1/8W. IX. 10. 5K 


RN59D-1092F 


TRW 


4701-03-1092 


1 


R233 R28 




RES.PF. i/8M, IX. 1. IK 


i RN59D-1101F 


TRW 


4701-03-1101 


2 


R122 R123 R173 R192 


R193 


RES. MF. 1/SU. IX. 1.21K 


RN99D-1211F 


TIM 


4701-03-1211 


7 


R199 R213 
















R177 




RES. MF. 1/8W. IX. 124 


RN990-1240F 


TRW 


4701-03-1240 


1 


R179 




RES. MF. 1/8W. 1%. 13. 7K 


RN95D-1372F 


TRW 


4701-03-1372 


1 


R102 R109 R169 




RES. MF, 1/BW, IX. 190 


RN95D-1900F 


TRW 


4701-03-1900 


3 


R131 R194 R43 




RES. MF. 1/8W. IX. 1. 9K 


RN99D-1901F 


TRW 


4701-03-1901 


3 


R1 




RES. MF. 1/eW. IX. 19K 


RN99D-1502F 


TRW 


4701-03-1502 


1 


R12 




RES.PF. 1/8W. IX. 19. 8K 


RN99D-1982F 


TRW 


4701-03-1982 


1 


R230 R41 




RES. PF, 1/aW. IX, 1. 78K 


RN99D-1781F 


TRW 


4701-03-1781 


2 


RIO R116 




RES, MF, 1/BW. IX. 182 


RN59D-1820F 


TRW 


4701-03-1820 


2 


R124 




RES. PF. 1/8W. IX. 200 


RN99D-2000F 


TRW 


4701-03-2000 


1 


VAvetek 
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REV 

M 



REMOVE ALL BURRS 
AND BREAK SHARP EDGES 



RELEASE APPROV 



TOLERANCE UNLESS 
OTHERWISE SPECIFIED 
XXX i.OtO ANGLES iV 
■ XX 1-030 



OONpT SCALE DWG 



\A4Vetek 



SAN OIEGO • CAllfDRNIA 



PARTS LIST 

WAVEFORM GENERATOR BD 



MODEL NO 



23 



23338 



DWG NO. 

1100 - 00-1455 



M 



SHEET 1 OF 3 

1 



B 



^ eeHOP GHAW< IC8/*C CUH1L54 



8 








8 



7 



6 



5 



± 



THIS DOCUMENT CONTAINS PROPRIET^Y INFOR- 
MATION AND DESIGN RK^TS BELONGING TO 
WAVETEK AND MAY NOT BE REPR(X>UCED FOR ANY 
REASON EXCB>T CALIBRATION. OPERATION. ANO 
MAINTENANCE WITHOUT WRITTEN AUTHORIZATION. 



4 



3 



2 



I I 



1 



ECN 



BY 1 DATE! APP 



REFERENCE DESIGNATORS 



PART DESCRIPTION 



R142 R18S R163 R202 R2t7 
RM R56 R7S 

R18 R19 R9 

R229 R228 

R114 R160 

R190 R24E> R252 R99 

R137 R205 

FIXIT R127 R128 RI29 R130 
R14 R143 R144 R15 R151 R16 
R164 R169 R167 R172 R191 
R197 R200 R39 R60 R62 R63 
R69 R76 R80 R51 R89 R90 R9l| 
R93 

RlOl RlOa R226 
R237 

R179 R187 
R243 
R180 R30 
R149 

R3S R42 R48 R52 



I RES.NF. l/ew> IX, SH 



Vvi^VETEK 

RARTS LIST 



RES,{ 
RES. I 
RES. i 
RES. I 
RES.i 



. 1/8W. 1X.20K 
. 1/8W. tX. 2. 21K 
. l/SW. lX.22iK 

> 1/8W. 17w2. 37K 
. 1/8N. IX. 249 

> 1/8W. IX. 2. 49K 



RES. 

RES. 

RES. 

RES. 

RES. 

RES. 



i/8U> IX. 24. 9K 
1/8W, !X. 274 
1/8W. IX. 2. 87K 
1/8W. IX. 301 
1/8W. IX. 3. OIK 
1/8U. iX. 301K 
1/8U. IX. 332 



TITLE 

PCA. WAVEFORM GEN BD 



ASSEMBLY NO. 



1100-00-1459 



VAvetek 

RARTS LIST 



TITLE 

PCA. UAS.^C»n GEN BD 



ASSEMBLY NO. 



1100-00-1459 



IG-PF«?HP ART-NO 


MFGR 


WAVETEK NO. 


QTY/PT 




REFEREE CeSIGNATORS 


PART DESCRIPTION 


ORIG-PF«^-P ART-NO 


MFGR 


WAVETEK NO. 


QTY/PT 


RN95D-2001F 


TRW 


4701-03-2001 


S 




R141 R154 R207 R236 


RES. PP. 2/8W. IX. 49. 9 


RN55D-49R9F 


CORNG 


4701-03-4999 


4 


RN95D-2002F 


TRW 


4701-03-2002 


3 




R260T 


RES. «F, 1/8W. IX. 51. 1 


RN5W-91R1F 


TRW 


4701-03-5119 


1 


RN59D-2211F 


TRW 


4701-03-2211 


2 




R170 R171 R234 R235 


RES. MF. 1/8W, IX. 523 


RN59D-9230F 


TRW 


4701-03-5230 


4 


RN59D-Z2iaF 


TRW 


4701-03-2213 


2 




R210 


RES. MF. 1/8W. IX. 604 


RN59D-6040F 


TRW 


4701-03-6040 


1 


RN99D-2371F 


TRW 


4701-03-2371 


4 




R222 


RES. MF. 1/8W. IX. 619 


RN55D-6190F 


TRW 


4701-03-6190 


1 


RN99D-2490F 


TRW 


4701-03-2490 


2 




R39 


RES. MF, 1/8W, IX, 6. 19K 


RN99D-6191F 


TRW 


4701-03-6191 


1 


RN59D-2491F 


TRW 


4701-03-2491 


30 




R13S R139 


RES, MF, 1/8W, IX. 61. 9 


RN99D-61R9F 


TRW 


4701-03-6199 


2 














R199 R17S R229 


RES. MF. 1/BW. IX. 681 


RN59D-6810F 


TRW 


4701-03-6810 


3 














R3 


RES, MF. 1/8W. IX. 6. 81K 


RN95D-6811F 


TRW 


4701-03-6811 


1 














R13 R197 R158 R21 


■ RES.MF. 1/8W. 1X.6.98K 


RN95D-6981F 


TRW 


4701-03-6981 


4 


RN99D-249aF 


TRW 


4701-03-2492 


3 




R244 R29& 


RES. MF. 1/8W. IX. 69. 8 


RN95D-6^W^ 


TfWJ 


4701-03-6989 


2 


RN99D-2740F 


TRW 


4701-03-2740 


1 




R206 


RES, MF, 1/eW. IX, 790 


RN99D-7900F 


TRW 


4701-03-7500 


1 


RN99D-2871F 


TRW 


4701-03-2871 


2 




R132 R152 R4 R8 


RES, PF. 1/8W, IX, 7. 9K 


RN99D-7901F 


TRW 


4701-03-7501 


4 


RN99D-3010F 




































RES. 1/8W. IX. 7» 


RN59D-7902F 


CORNG 


4701-03-7502 


1 


RN99D-3011F I 










R85 
























RES. MF, 1/BW. IX, 8. 06K 


RN99D-8061F 


TRW 


4701-03-8061 


1 


RN95D-3013F 


TRW 


4701-03-3013 


1 




R98 


RES, MF, 1/ew. IX, 8. 29K 


RN590-8291F 


TRW 


4701-03-8251 


1 


RN59D-3 


320F 

I 


TRW 


4701-03-3320 


4 




R189 R186 


RES, MF, 1/ew, IX, 9. 09K 


RN99D-9091F 


TRW 


4701-03-9091 


2 



REFERENCE DESIGNATORS 



PART DESCRIPTION 



CR24 CR25 
CR15 CR22 

CR3 CR4 CR9 CR90 CR92 CR99 , 
CR& CR&O CRAl CR62 CR63 CRtI 
CR8 

CR93 CR99 
CR94 CR96 

CRIO CRll CR12 CR13 CR14 
CR57 CR9S 

CRl CR16 CR17 CR2 CR20 CR2l[ 
CR23 CR26 CR27 CR28 CR29 
CR30 CR33 CR72 CR73 CR74 
CR75 CR34 CR39 CR36 CR37 
CR:» CR39 CR42 CR44 CR48 
CR49 CR91 CR9 

CR18 CR19 CR31 CR32 CR64 
CR65 



VAvetek 

RARTS UST 



DIODE, ZENER 900P«4 
SILICON PLANAR 

DICmE. ZENER lOV. 

CLASS SILICON. IW 

DIODE. HIGH j 1N5282 

CONDUCTANCE, ULTRA 
FAST 

DIODE. ZENER 12V. | 1N9349A 

SILICON OXIDE. 5U 

DIODE. 1N4002 GEN | 1N4002 

PIWPD^ RECT. lOOV, lA 

DIODE. ULTRA FAST I 1N4244 



DIODE 1N4148 j 1N4148 

COMPUTER, 0/P. 79V. 200M 
A. SWITCHING 



DIODE 9082-2811 
SCHOTTKY, 19V, 20MA 



OR 10-MFGR-P ART-NO 



DlOl^. SET. 6-FD-777. QT | 4898-00-0021 
Y: 6: 4807-02-0777 



TITLE 

PCA, WAVEFORM GEN BD 



WAVETB^ NO. 



4801-01-0959 

4801-01-4740 

4801-01-9282 

4801-01-9349 

4801-02-0001 

4807-02-0777 

4807-02-4&&6 



ASSEMBLY NO. 



1100-00-1459 
PAGE 11 



7 

29 



4809-02-2811 6 

4898-00-0021 1 



REV 

M 



B 



REFERENCE lESlONATORS 

» 


PART DESCRIPTION 


OR IG-fffGR-P ART-NO 


PFGR 


WAVETEK NO. 


QTY/PT 


R103 RliO 




RES, MF, 1/8W. IX, 33. 2K 


RN55D-332»=' 


TRW 


4701-03-3322 


2 


R149 R53 R95 




RES, MF, 1/8W, IX, 33. 2 


RN59D-33R2F 


TRW 


4701-03-3329 


3 


R224 




RES. MF. 1/8W, IX, 3. 97K 


RN55D-3571F 


TRW 


4701-03-3571 


1 


R21S R87 




RES, MF, 1/8W, IX. 35. 7K 


RN55D-3572F 


TRW 


4701-03-3572 


2 


R150 




RES, 1/8W, IX. 3. 65K 


RN55D-3651F 


TRW 


4701-03-3651 


1 


R238 




RES, MF, 1/8W. IX. 392 


RN55D-3920F 


TRW 


4701-03-3920 


1 


R198 R219 




RES. MF. 1/8W, IX, 4. 02K 


RN55D-4021F 


TRW 


4701-03-4021 


2 


R211 R67 




RES. MF, 1/8U, IX, 40. 2K 


RN55D-4022F 


TRW 


4701-03-4022 


2 


R25 




RES.MF. 1/8W. IX. 40. 2 


RN55D-40R2F 


TRW 


4701-03-4029 


1 


R31 




RES.MF, 1/BW. IX. 4. 32K 


RN55D-4321F 


TRW 


4701-03-4321 


1 


R57 




RES, MF, 1 /BW, IX, 4. 64K 


RN55D-4641F 


TRW 


4701-03-4641 


1 


R104 R242T R255T 




RES. MF. 1. SU. IX. 46. 4 


RN55D-46R4F 


TOW 


4701-03-4649 


3 


‘ R126 




RES.MF, 1/8W. IX. 4. 79K 


RN55D-4751F 


TRW 


4701-03-4751 


1 


R134 R136 R16S R220 
1 R263 


R221 


RES. MF. S/8, 1%, 499 


RN55D-4990F 


TRW 


4701-03-4990 


6 


R162 R163 R201 R216 R217 
' R239 R299 R78 RB3 R84 R97 

^ 


RES.MF. 1/BW, IX. 4. 99K 


RN55D-4991F 


TRW 


4701-03-4991 


11 


WAVETEK 
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PCA. 


WAVEFORM GEN BD 
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REV 

M 



reference designators 


PART DESCRIPTION 


OR IC-MFW-P ART-NQ 


MFGR 


WAVETEK NO. 


QTY/PT 


R95 


RES. MF, 1/8W, IX, 90. 9K 


RN55D-9092F 


TRW 


4701-03-9092 


J 


Rli R17 R20 


RES. MF. 1/8W, IX, 90, 9 


RN59D-90R9F 


TOW 


4701-03-9099 


3 


R209 


RES, MF, 1/ew. 1%. 9. 


RN59D-9531F 


TOW 


4701-03-9531 


1 


R94 


RES. Pr. 1/8W. IX. 9. 76K 


RN55D-9761F 


TOW 


4701-03-9761 


1 


R231 


RES, MF, 1/4W, IX. 121 


RN60D-12KV 


TRW 


4701-13-1210 


1 


R119 


RES, MF. 1/4W. IX, 1. 9K 


RN60D1501F 


TRW 


4701-13-1501 


1 


R40 


RES, MF, 1/4W, IX, 499 


RN60D4990F 


TRW 


4701-13-4990 


1 


R174 


RES, MF, 1/4W, IX, 750 


RN60D7500F 


TOW 


4701-13-7500 


1 


R121 


RES. IV. 1/4W, IX. 909 


RN60D9090F 


TOW 


4701-13-9090 


1 


R264 R265 


RES, PV, IW, IX, 100 


RN70D-1000F 


TOW 


4701-33-1000 


2 


U27 


RES NETWORK IK 2W 
16PIN DIP 


4116R-001-102 


BOURN 


4770-00-0019 


1 


R5 R6 R7 


RES.MF. 1/4M, IX, lOM 


CC1005F 


AB 


4799-00-0056 


3 


JPl R22 


RES. 0 OHM JUMPER 


JP02T680 


ROHM 


4799-00-0087 


2 


: CR41 

! 


DIODE. ZENOR. 5. IV. 
500PW. GIB, 1N751A 


IN751A 




FAIR 


4801-01-0751 


1 


1 CR40 CR43 CR45 CR46 




DIODE. ZENER. 6.2V, 
1N823 


1N823A 




MOT 


4801-01-0823 


4 


Wavetek 
FARTS UST 




TITLE 

PCA. 


WAVEFORM GEN BD 
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PAGE 10 


3-1455 


REV 

M 



REFERENCE DESIGNATORS 


PART DESCRIPTION 


OR I G-rVGR^«?T^<0 


MF«? 


WAVETEK NO. 


OTY/PT 


QS2 


TR/MMS 2N2219A NPN 
GENERAL PURPO^ TO-9 


^2219A 


NSC 


4901-02-2191 


1 


Q54 


TRANS 2N2909A PNP 
GEPERAL PURPOSE TO-9 


2N2905A 


NSC 


4901-02-9051 


1 


Qll Q16 Q32 


TRANS. NPN, TO-92 


2IY3563 




FAIR 


4901-03-5630 


3 


Q31 Q38 Q41 


TOANS.PNP. TO-92 


PVS364O-005 


MOT 


4901-03-6400 


3 


040 


TRANS, NPN. -TO-92 


PP 53646 


MOT 


4901-03-6460 


1 


Q53 


TRANS 


^3866 




MOT 


4901-03-8660 


1 


Qie Q20 Q21 Q23 Q35 043 045 
08 


TRANS 2N3904 NPN 
0B4ERAL PKfRPQSE TO-92 


2N3904 




FAIR 


4901-03-9040 


B 


01 019 02 024 026 028 029 
03 030 033 034 039 09 


TRANS 2N3906 PNP 
GENERAL PURPOSE TO-92 


2N3906 




FAIR 


4901-03-9060 


13 


94S 


TRANS, GENERAL 
PURPOSE. PW, TO-92 


2N41Z2 




NSC 


4901-04-1220 


1 


051 


TRANS 


2N5160-18 


MOT 


4901-05-1600 


1 


09 


TRANS, P-CHANNEL 
jreTS 


2N5462 




MOT 


4901-05-4620 


1 


04 044 


TRANS. N-CHAP4CL JFETS 


2N5485 




MOT 


4901-05-4850 


2 


010 014 015 017 029 027 

1 

h J 


2N5771 PPV 
SWITCH TO— t2 


2N9771 




PEC 


4901-05-7710 


6 


Vn^vetek 
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UAVEFOtM GEN BD 
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REV 

M 



NOTE: UNLESS OTHERWISE SPECIFIED 



» BEORDiiR NO. A27Q« 



8 



] REMOVE ALL BURRS 
! ANDBREAK SHARP edges} 



RELEASE APPROV 



TOLERANCE UNLESS 
OTHERWISE SPECIFIED 
XXX -010 ANGLES ;1 



DO NOT SCALE DWG 



NA^^Vetek 



SAN DIEGO • CALIFORNIA I 



PARTS LIST 

WAVEFORM GENERATOR BD 



23 



one NO 

1100001455 

SHEET 2 



IREV 

M 



23338 






8 



THIS DOCUMENT CONTAINS PflOPflIETARY INFOR- 
MATION AND DESIGN RIGHTS BfcLGNuiNG TO 
WAVETEK AND MAY NOT BE REPRODUCED FOR ANY 
REASON EXCEPT CALIBRATION. OPERATION, AND 
MAINTENANCE WITHOUT WRITTEN AUTHORIZATION. 



BY I DATE I APP 



REFERENCE DESIGNATORS 



G49 

937 G48 
012 13 
96 7 
Rill 

R293 R61 
1 

U21 

U23 

936 

U34 

U32 



'V'A.VETeK 
RARTS LIST 



PART DESCRIPTION 



SUITCH> DMOS-FET. 
N-CHAN, ENHANCE NODE 



TRANS. n/PR. 2N3963 
QTY: 2: 4901-03-9630 



TRANS. N/PR. 2N94S9 
OTY: 2: 4901-05-4890 



THERNISTER 

TMERMISTER 



CABLE. FLEXIBLE FLAT 
8 IN. . 20 PIN 



DAC. BBIT 
MULT 



OP AMP. 9UAD BINDS 
MOS/FET INPUT 



TRANS. MONO. DUAL. NPN 
OP AHP INPUT 



MULTIPLIER. LINEAR 4 
9UAD 



OP-AnP. LIN. WIDE 
BAND 



ORIO-MFOR-PART-NO 



IT 139 
BSD214 

4998-00-0004 

4998-00-0009 

1K-901-K 

IK-lDl-K 

l-TO{669-9 

DACHOeEQ 

TLOelACN 

LS3 12-92 

TL0B2CP 

MC1499L 

HA I -2940-9 



TITLE 

PCA. WAVEFORM OEN BD 



INTSL 

PM.P 

KL6 

M.C 

MCI 

MCI 



TI 

LINSY 

TI 

MOT 

HARIS 



WAVETEK NO. 



4902-00-1390 

4902-00-2140 

4998-00-0004 

4998-00-0009 

9300-00-0011 

9300-00-0012 

6001-60-0006 

7000-00-0800 

7000-00-8400 

7000-08-1200 

7000-08-2000 

7000-14-9900 

7000-29-4000 



ii^EMBLY NO. 



1100-00-1459 
PAK 13 



REFERENCE DESIGNATORS 



U4 

U20 

U19 



U14 

U17 

U29 

U7 



WWETEK 
RARTS LIST 



PiWT DESCRIPTION 



FLIP-FLOP. DUAL J-K, 
TTL 

GATE. NAND. 13 2NP. 
TTL 

LINE DRIVBtS.DUAL 4 
INPUT POSITIVE-PMND 
50 OHM 

COUNTER. SYNC 4 
UP-DN, TTL 

FLIP^LOP. OCT D. TTL 

COUNTER. DUAL 4B BCD. 
CMOS 



IC. PROGRAMMED 
REFi 8000-27-1600 



OR 1 G^IFGR-P^T-NO 



74LS107A 

74LS133 

74S140 

SN74LS169BN 

74LS374 

MM74HC390N 

MC4044P 

8600-00-0249 



TITLE 

PCA. WAVEFORM <^N BD 



TI 

NSC 

MOT 

WVTK 



WAVETEK NO. 



8007-41-0710 

8007-41-3310 

8007-41-4001 

8007-41-691 1 

8007-43-7410 

8007-43-9040 

8100-40-4400 

8600-00-0249 



ASSEMBLY NO. 1100-00-1459 
PAGE 19 



REV 

M 



B 



REFERENCE DESISNATORS 


PART DESCRIPTION 


OR IC-MFCR -PART-NO 


MFGR 


WAVETEK NO. 


QTY/PT 


— 

U22 


DIODE. ULTRA FAST. 
LOW CAPACITANCE 


CA-3019 




RCA 


7000-30-1900 


1 


U26 


DIFFERENTIAL AMP. 
DUAL HIGH H?E9 


CA3049T 




RCA 


7000-30-4900 


1 


U29 


TRANS ARRAY. I«>N/PNP 


CA-3D96AE 


RCA 


7000-30-9600 


1 


U26 U30 U32 


SW. 9UAD ANALOG. CMOS 


DG2UCJ 




8LC0N 


8000-02-1100 


3 


U2 


GATE. NATffi. QUAD 
21NP. TTL 


74FOOPC 




FAIR 


TOOO-74-0002 


1 


U16 U8 U9 


GATE. NAE>. QUAD 
2-INP. TTL 


SN74LS00N 


TI 


8000-74-0010 


3 


U12 


GATE. NOR. QUAD. 
21NP. TTL 


74LS02 




TI 


8000-74-0210 


1 


Ul U19 


INVERTER. HEX, TTL 


74LS04 




TI 


8000-74-0410 


2 


UIB 


GATE AND. QUAD 2-INP. 
TTL 


74LS06 




TI 


TOOO-74-OeiO 


1 


U9 


GATE AND. 3-INP, TTL 


74F11PC 




FAIR 


8000-74-1102 


1 


UlO U3 


FLIP-FLOP DUAL. D-POS 
EDGE TRIG, TTL 


74F74PC 




FAIR 


8000-74-7402 


2 


Ull 


CATE XOR. QUAD 21NP. 
TTL 


74LS86 




TI 


8000-74-8610 


1 


’WAVETEK 
RARTS LIST 


TITLE 

PCA. 


WAVEFORM OEN BD 




ASSEMBLY NO. 1100-00-1455 

PAGE 14 


REV 

M 



B 



NOTE UNLESS OTHERWISE SPECiFtEO 



8 



RELEASE APPROV 



TOLERANCE UNLESS 
OTHERWISE SPECIFIED 
.XXX :.010 ANGLES -1 



DO NOT SCALE DWG 



'WVETEK 



SAN OIEGO • CALIFORNIA I 



PARTS LIST 

WAVEFORM GENERATOR BD 



23 



23338 



DWCNO 

1100 - 00-1455 

SHEET 3 



REV 

M 

X 












' O/Q3-O0-III3 








THIS OOCt»SE«T COHTAIHS PROPRIETARY IHFOR 
MATION AND DESIGN RIGHTS BELCWGING TO 
WAVETEK AND PtMY NOT BE REPRODUCED FOR ANY 
REASON EXCEPT CALIBRATKm, OPERATION, AND 
MAINTENANCE WITHOUT WRITTEN AUTHORIZATION. 



-STAMP ASSY NQ 
t REVISION LETTER 



(QI,G2,VR.l) 



ASSY 

- “.Q i 



NOT E POLARIZATION- 



cbQ 

. I 



.220±.025 



V 

/ N 
CIO I I 

Y- 

\ -C12-+ 

k-ni- 

/L1\F 



^F\lTyp-) 



DETAIL A 

(SCALE- NONE) 



install J5 
FAR SIDE 




Aji install CIZ 0BSERVIN& INDICATED PaAKITY. 

3. FOR ASSEMBLY ItITERCOdNECTION SEE UISTRUMEKT 
SCHEMATIC OOOA-00-1111. 

2 . SEE 0103-00-1113 FOR SCHEMATIC. 

PARTIAL REFERENCE DESIGNATIONS SHOWN, PREFIX WITH 
ASSEMBLY REFERENCE DESIGNATION A2A1. 

NOTE UNLESS OTHERWISE SPECIFIED 







SEE DETAIL "A! 
CQI,Q2,VR2) 



J4 4 J5 (R.EF) 




(ref) (3 



5)(2) 




REV ECN 

A - /16t7 _ 

^ T .*+ .<1 ^ o 
D 

>4999 

"T 



- 

I YA viFyfji 



ATT'TJ 






REFERENCE DESIGNATORS 


PART DESCRIPTION 


OR 1 GH1FGR-P ART-NO 


PTGR 


WAVETEK NO. 


QTY/PT 


NONE 


SCHEMATIC. PUR SUP 


0103-00-1113 


WVTK 


0103-00-1113 


, 


1 


BRKT. HEATSINK 


21-8173 


WVTK 


1400-01-8173 


1 


Cl C9 


CAP. CERi . OlPtf^. IKV 


GAP- 103 


CRL 


1500-01-0309 


2 


Cll C6 


CAP CER MON . IMF 50V 
Z5U +80/-20X RAD LD 
SP . 2 


SR215E104ZAA 


AVX 


1500-01-0420 


2 


C12 C7 C8 


CAP. 0,£CT. 10MF/25V 
RAOIM. LEAD. SP . 10 


NRE 10/63 


NIC 


1500-31-0002 


3 


C2 C3 


CAP. B.£CT, 1000MF/50V 
RADIAL LEAD. SP . 30 


NRE 1000/50 


NIC 


1500-31-0203 


2 


CIO 


CAP. ELECT. 2200MF. 16V 
RADIAL LEAD. SP . 30 


r<ME 2200/16 


NIC 


1500-32-2201 


1 


C4 C5 


CAP, ELECT, 4. 7PF/50V 
RADIAL L£AD. SP . 10 


ULB1H4R7M 


NICH 


1500-34-7903 


2 


3 


POWER SUPPLY BD 


21-1118 


WVTK 


1700-00-1118 


1 


J4 J5 


CONN <20 PIN) 


ETCIODRTI 


^A.IN 


2100-02-0139 


2 


J3 


COM. HEADER 5 PIN 


102202-2 


AMP 


2100-02-0143 


1 


4 


WASHER 


B51547F015 


MOT 


2800-11-0015 


3 


5 


RIVET 1/8X3/16L 


1125-0406 


AVDEL 


2800-12-0011 


2 


6 


SCREW, 4X3/8 PHP ^1S 


4-24 X 3/8 


crwcL 


2800-22-4162 


3 



VAvetek 

FARTS LIST 



TITLE 

PCA. POWER SUPPLY 



REFERENCE OESIONATORS 



PART DESCRIPTION 
TYPE B 

WASHER. FLAT, 4(.209 
0. D. ) 

#4 LOCKWASHER. PLATED 
I NSU_ ATOR ( TO-220 ) 
VARISTOR 

RES. fIF. 1/2W. 5X. . 51 
OHM 

DIODE. ZENER. lOOV. lOX 
TOL. lU. 1N4764 

DIODE. RECTIFIER. 

DUAL IN-LINE 

TRANS. NPN. TO-230 

VOLT REGW-ATOR 

VOLT REGU.ATOR 



OR lO-MFGR-P ART-NO 



44SRLU 

60-11-8302-1674 

4899-00-0045 

CPIF6O-0R51JT-00 



TIP-29 

Lrt325AN 

nA7805UC 



W\VeTEK 

FARTS LIST 



TITLE 

PCA. POVCR SUPPLY 



1208-00-1118 
PAGE 2 



REMOVE ALL BURRS \ * 

ANDBREAK SHARP EDGES M.l M i- 3^-l*r5 ^ 

MATERIAL MROJ£NCn 



MFGR MAVETB< NO. QTV/PT 

CMRCL 2800-26-4001 3 

CMRCL 2800-42-4000 3 

CW»1R 3100-00-0010 3 

WVTK 4799-00-0048 1 

DALE 4799-00-0144 2 

VP«0 4801-02-0008 1 

VARO 4806-02-0054 1 

TI 4902-00-0290 2 

NSC 7000-03-2501 1 

FAIR 8000-78-0500 1 



RELEASE AVPROV f-S/- 

i ■ - ■ PC 

TOLERANCE UNLESS 
“ OTHERWISE SPECIFIED 
XXX : 010 ANGLES -.1 
XX : 030 

DO NOT SCALE DWG 
SCALE OK 



PCA, POWER SUPPLY 
(A 2A1) 



2\/22 IZ06-00-1II6 I F 

y, 23338 SHEET I Of I 

I 1 



1208-00 Ilia 






THIS DOCUMENT CONTAINS PROPRIETARY INFOR- 
MATION AND DESIGN RIGHTS BELONGING TO 
WAVETEK AND MAY NOT BE REPROMICEO FOR ANY 
REASON EXCBO^ CALIBRATION. OPERATION. AND 
MAINTENANCE WITHOUT WRITTEN MJTHORIZATION. 



D 






1208-00 







THIS DOCLMENT OMTAmS PROPRIETMtV INFOR- 
MATiON AND DESIGN RIGHTS BELONGING TO 
iwAVETEK AHO ftlAY 'WT BE REPRODUCED roR ANY 
REASON EXCEPT CALIBRATION. (DERATION, AND 
MAINTENANCE WITHOUT ymiTTEN AUTHORIZATXm. 



REV ECN BY DATE APP 

~ £C0*31Z0 

'giOtj ciHA»4<KE,^gp.-7^4 B.G. _]%4 



OPTION A2 ( 1 



— MM A3 

I (UPROC/ SVKJTME.SlzeR') 



MAIA2. 

( ASSY, POWER SuppuY ) ' 



deta-il''B'' 







, MARK LABEL FOR 
Z^OPTION 001 



COVER PLATE 
AND FASTENERS 
ARE NOT REQUIRED 




REFERENCE DESieNATORS 



L-SEE detail" A” 

INSTRUMENT COVERS NOT SHOWN 



OPTION A1 

IEEE-488 
OPTION 001 
1000-00-0426 



MODEL 23 

12MHz SYNTHESIZED 
FUNCTION GENERATOR 
1000-00-0360 



CABLE HOOKUP CHART 



REF 


1 DESTINATION 1 


DES 


FROM 


TO 


ws 


P16 


AlAlAS-tllio 


W15 


P30 


;0='T10NA*-JSO 


W17 


E2 






PART DESCRIPTION 



ORie-HF8R-P«RT-NO 



ACCEPT/WCE TEST 
SPECIFICATION 

PCA, SPIB OPTION 

LABEL. OPTION. MODEL 
75 

I*JT. HE*, i-33 R/P. Z 

SCREW* JACK* 3. 5MHX. AMM 
THD, F*6-32 M 
THD. , 85LC 

SCREW. 4'^0X3/1&> PHP> N 
YLOK PATCH 

WA»ER* FLAT. #6 BIN 
495 

WASHER. FLAT. 6 

«6 LOCKWASI4ER/ PLATED 

ASSY. CPIB RIBBON 
CABLE 



1100-00-1673 

1400-01-9900 

6-32 R/P HEX NUT 
2800-23-0033 



«6FLAT WASHER 

HSl 5795^03 

«6SRLW 

6002-00-00:K> 



rFCR MAVETB^ NO. OTY/PT 

WVTK 0007-00-0426 1 

WVTK 1100-00-1678 1 

WTK 1400-01-9900 1 

CHRCL 2900-16-6100 2 

POSIT 2800-23-0033 2 

CHRCL 2900-23-4103 4 

CHRCL 2800-26-6001 2 

CQHL 2S0O-26-6100 2 

CHRCL 2800-42-6000 2 

WVTK 6002-00-0030 1 



/4\ ADDRESS SELECTOR SWITCH. FACTORY PRESET TO 9. 

^ ^ SEE INSTRUMENT INSTRUCTION MANUAL. 

IF INSTALLED ON MODEL 25. EXCEPT MODEL 23 SPECIAL. 
— ^ DO NOT USE LABEL 1AOO-01-.9930. 



2. REFERENCE DESIGNATIONS DO NOT APPEAR ON PARTS. 

1. FOR UNIT INTERCONNECTION. SEE INSTRUMENT SCHEMATIC. 

NOTE UNLESS OTHERWISE SPECIFIED 



PCA, GPIB 
OPTIO^^i 

II0D-00-167S 



V^VETEK 

iwnsusT 



OPTION 001 OPIB INTERFACE FOR 
MODEL 23 OR 75 



REMOVE ALL BURRS Idbawn I DATE I 

AND BREAK SHARP EDGES B, ReDMAKl n/3,'a5j 



Vv^VETEK, 



{FINISH 

WAVETEK PROCESS 



yp ■‘ir& I lose 

RELEASE «>*>ROV _ 

p 7 c c. I p IEEE- 488 

/TOLERANCE UNLESS 

OTHERWISE SPECIFIED DPT I O M H A 1 

.XXKS.OlO ANGLES 11 I ‘ V-' «>l W L> X 

XX 1 030 

DO NOT SCALE DWG model no. ^ |ovm:no! |R£v 

25/75 1000-00-0426 B 



6 



5 



3 



2 



1 



1000-00-0426 












THIS DCX:UMENT CONTAINS PROPRIETARY INFOR> 
MATION AND DESIGN RIGHTS BELONGING TO 
WAVETEK AND MAY NOT BE REPRODUCED FOR ANY 
REASON EXCEPT CALIBRATION, OPERATION, AND 
MAINTENANCE WITHOUT WRITTEN AUTHORIZATION. 



ADDRESS 




2. CAPACITOR VALUES ARE IN MICROFARADS (/iF). 
1. RESISTOR VALUES ARE IN OHMS, 1/8 WATT. 

NOTE; UNLESS OTHERWISE SPECIFIED 



© BISHOP GRAPHICS/ACCUPRESS 
REORDER NO. A-4831 



REV 


ECO 


SY 


DATE 


APPpavAi. 


A 


ECO 




4-Z^.gT 


iC EX 



+ 5 



10 



11 






13 



14 



N.C.JS. 

N,C.^ 
28 



N.C.- 



40 



19 



37 



38 



39 



I II 1 

.1,50V^ 
20 



ASE 






IB0 




IB1 


D0 


IB2 


D1 


IB3 


D2 


1B4 


D3 


IBB 


D4 


IB6 


D5 


IB7 


D6 


T/R2 


D7 U2 


MC68488 




IFC 


DMA REQ 




TRIG 




T/Rl 


REN 


CS 




R/W 




CLK 




rps 




RESET 






DAC 




RED 




DAV 


RS0 


EOT 


RSI 


OTN 


RS2 


SRQ 



36 


19 


35 


18 


34 


17 


33 


16 


32 


15 


31 


14 


30 


13 


29 


12 


27 


1 



21 



C4 



22 



.1, 50V 
C3 



R2 4 

loon- 



•1,50V 

R3 xy 

100A 



17 



18 



1G 



25 



26 



23 



R4 i 
3.32K< 



V 



Wl~7 



D1 

D2 

D3 

D4 

D5 

D6 

07 

D6 

TE 



+ 5 

CG 

1 1 1 

• l,50V^ 
_20 ^ V 

bTL- 

B2 
B3 
B4 
B5 
B6 
B7 
B8 

75160A' 

PE 



U3 



10 



11 



V 



C5 



+ 5 






,1,50 V 



19 



16 



17 



16 



15 



14 



13 



12 



1 | 20 






REN. 



- IFC - 

- ND^C ■ 
NRFD- 

-DAV- 

- EOI- 

- ATNJ- 



-SRQ — 
751618 



T 



U4 



AIAI A-2. 

I REAR panel/ P.<S. 






I 

J30/P30 vJ29 



N.C.- 






Nl.C.- 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 



24 

23 

22 

21 

20 ; 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 



WI5 



SIGNAL 

COMMON 



REN 
DIO 8 
DI07 
DIOG 
DIOS 

-GROUND 

■ATM 

-SRQ 

- IFC 

- NDAC 

- NRFD 
-DAV 
-EOI 

- D104 
-0103 

- D102 
-DlOl 



IEEE- 488 INTERFACE 



REMOVE ALL BURRS 
AND BREAK SHARP EDGES 


DRAWN 

a.talmadge 


DATE 

^/l/85 




MATERIAL 

// 


PROJ ENGR 

U.SLtt 






TITLE 

SCHEMATIC, 
GPIB OPTION 


7 


RELEASE APPROV 


y TOLERANCE UNLESS 
OTHERWISE SPECIFIED 
.XXX ±.010 ANGLES ±1' 

.XX ±.030 


FINISH 

WAVETEK PROCESS 

// 


DO NOT SCALE DWG 


MODEL NO. DWG NO. REV 

23/75 0103-00-1678 A 


— n — 


SCALE 

—4 — 



CODE 

.PENT 



23338 



SHEET 1 OF 1 





















THIS DOCUMENT CONTAINS PROPRIETARY INFOR- 
MATION AND DESIGN RIGHTS BELONGING TO 
WAVETEK AND MAY NOT BE REPRODUCED FOR ANY 
REASON EXCEPT CALIBRATION, OPERATION. AND 
MAINTENANCE WITHOUT WRITTEN AUTHORIZATION. 




C : 



ECO •* am 

BOH 



m 




REFERENCE DESIGNATORS 


PART DESCRIPT I Or<l 


OR I G-MFGR -PART-NO 


MFGR 


WAVETEK NO. 


OTY/PT 


NONE 


SCHEMATIC. GP IS OPTION 


0103-00-1678 


WVTK 


0103-00-1678 


1 


1 


STANDOFF 


013-003-2 


WVTK 


1400-00-2503 


4 


NONE 


LABEL. OPTION. MODEL 
23 


1400-01-9890 


WVTK 


1400-01-9890 


1 


Cl C2 C3 C4 C5 C6 


CAP GER MGN . IMF 50V 
25U +80/-20X RAD LD 
SP . 2 


^21S£104ZAA 


AVX 


1500-01-0420 


6 


2 


GPIB OPTIOf.< BOARD 


1700-00-1678 


WVTK 


1700-00-1678 


1 


J30 


CC^N. HEADER 26 PIN/2 
ROW, . 1 CTR- 15 OLD 


929836-01-13 


A/P 


2100-02-0156 


1 


3 


CONN. RECEPT. QUICK 
DISCONI«CT 


42743-2 


AW» 


2100-04-0044 


1 


4 


SCREW. 4-40X3/16. PHP. N 
YLOK PATCH 


4-40 X 3/16 


CfffiCL 


2800-23-4103 


4 


R2 R3 


RES. MF. 1/8W. 1%. 100 


RN55D-1000F 


TRW 


4701-03-1000 


2 


R4 


RES. MF. 1/8W. VA, 3. 32K 


RN55D-3321F 


TRW 


4701-03-3321 


1 


R1 


RES NETWORK lOK 2% 
lOPIN SIP BUSS 


4310R-101-103 


BOURN 


4770-00-0008 


1 


SUi 


SWITCH PC 


500-105 


DUNCN 


5199-00-0001 


1 


W17 


WIRE. hRl, IGGA 


H0102003 (6RN/YEL) 


JUDO 


6000-31-8045 


1 



VAvetek 

RWTB LET 



TITLE 

PCA, DPIB OPTION 



CABLE HCOKUP CHART 


REF DES 


AWG 


1 

LENGTH 


COLOR 


W17 


18 


5.0 


CRN/YEL 











ASSEMBLYNO. J 100-00-1678 
PAGE 1 



MARK ASSEMBLY REVISION LETTER IN AREA SHOWN. 

3. SEE INSTRUMENT SCHEMATIC FOR ASSEMBLY INTERCONNECTION. 

2. SEE 0103-00-1S78 FOR CIRCUIT SCHEMATIC. 

1. PARTIAL REFERENCE DESIGNATIONS SHOWN, PREFIX WITH 
ASSEMBLY REFERENCE DESIGNATION. 



REFERENCE DES I GT.!ATaRS 



UB 

U3 



Vv^Wetek 

RWrSUST 



PART DESCRIPTION 



CABLE. FLEXIBLE FLAT 
2". 20 PIN 

ADPT, GPIB INTERFACE 

HEX BUS DRIVER 

XCVR.OSC BUS. TTL 

TRANSCEIVER. OCT BUS. 
TTL 



□RIG-flFGR-PART- 



l-88^^5-9 

NC684B8P 

SN74HC368 

75160 

SN75161BN 



TITLE 

PCA. GPIB OPTION 



WAVETEK NO. 



6001-60-0008 

8006- 84-8800 

8007- 43-6840 
8007-51-6000 
8007-51-6100 



1100-00-1678 



NOTE. UNLESS OTHERWISE ^ECIFIED 



y ‘lEonoE) NO.A2m 



8 





REMOVE ALL BURRS 
AND BREAK SHARP EDGES 


DRAIMV 

B, 


DATE 

5/3;ss 


MATERIAL 


PROJENGR 

M. .'%'Vfe: ' SiSV. 




R6LEASE APPftOV 


^ TOLERANCE UNLESS 
OTHERWISE SPECIFIED 
XXX t.010 ANGLES iT 

.XX tO'O 


FINISH 

WAVETEK PROCESS 


00 NOT SCALE DWG 


SCALE 

■2- /I 



1 SAN DIEGO • CAL1F0BNIA 


TITLE 

PCfl, 




GPIB 


OPTION 




MODEL NO 

23/ 7S 


0«VC NO. 

llOO-OOBt7S 


REV 

B 


,“Si 2 3338 


»IEET { OF ( 1 



B 



noo-oo-ife,70|5 












2 



THIS DOCUMENT CONTAINS PROPRIETARY INFOR' 
MATION AND DESIGN RIGHTS BELONGING TO 
WAVETEK AND MAY NOT BE REPRODUCED FOR ANY 
REASON EXCEPT CALBRATION. OPERATKIN, AND 
MAINTENANCE WITHOUT WRITTEN AUTHORISATION. 



l- 1 - 

REV 


ecN 


BY 


DATE 


APP 


A 


“8FI-T25 


B.& 


"it®’ 


IM 



OPTION A2 



AIA1A3 

f UPROC / SYWTRESIZER ) 



A|A| A-2. 

(ASSY, POWER SUPPi_y) 



MARK label for 
OPTIOU 002 ^ 



B 



COVER PLATE 
AND FASTEMERS 
ARE WOT REQUIRED 




cw 


SUE HOOKUP chart 


REP 


DeaTlMATlON 


Des 


PROM 


TO 


W8 


Fife 


All A.I A3" cJ 1 ^ 


WI5 


P30 


OPTIOM 

A2-J30C 



La 



SEE detail" B" 




-SEE DETA,IU A. 



INSTRUMENT COVERS NOT SHOWN 



REFERB4CE DESIONATC»S 



PART DESCRIPTIC3N 



ACCEPTANCE TEST 
SPECIFICATION 



PCA.RS-232 OPTION 
PLATES RS-232 ADAPTER 



MODIFICATION. xMCK 
SCREU 



LABEL. OPTION. MODEL 
7S 



SCREW. 4>40X3/16. P»«>. N 
YLOK PATCH 



ASSY, RIBBON CABLE 



A 

A 

A 

A 

2 . 

1 . 



FACTORY CONFIGURED FOR DCE OPERATION. SEE 
INSTRUMENT INSTRUCTION MANUAL. 

BAUD RATE SELECTOR SWITCH, FACTORY PRESET 
TO 9600 BAUD. SEE INSTRUMENT INSTRUCTION MANUAL. 

IF OPTION INSTALLED ON MODEL 25, EXCEPT 
MODEL 25 SPECIAL, DO NOT USE LABEL W00-01-S900. 

INSTALL RS-232C CABLE/ALIGNMENT FIXTURE TO J29 
WHILE TIGHTENING HARDWARE TO ENSURE CORRECT SPACING, 

REFERENCE DESIGNATORS DO NOT APPEAR ON PARTS, 

FOR UNIT INTERCONNECTION SEE INSTRUMENT SCHEMATIC, 

MOTE UNLESS OTHERWISE SPECIFIED 



VAvetek 

RMTTS UST 



0HI8-MF8R-P«flT-N0 



23/75-0487 

n00-00“1677 

23/75-9643 

M/75-9669 

1400-01-9900 

4-40 X 3/16 

6002-00-0029 



TITLE 

option 002 RS-232C INTERFACE 
FOR MODEL 230R75 



WVTK 

WVTK 

WVTK 

WVTK 

WVTK 



0007-00-0427 

1100-00-1677 

1400-01-9643 

1400-01-9669 

1400-01-9900 

2800-23-4103 

6002-00-0029 



ASSEMBLY NO. 1000-00-0427 



REV 

A 



S &SHOP OMmtlCSuikCCUWKSS 
MEOnOCANO UTttt 



8 



REMOVE AU BURRS 
AND BREAK SHARP EDGES 


DRAWN 

B.REDNrtAsK. 


DATE 

7/3/8 S 


MATERIAL 


PftOJENGR 


- 


^ 


RELEASE APPftbV 


TOLERANCE UNLESS 
OTHERWISE SPECIFIED 
•XXX! 010 ANGLES .'I 

XX : 030 


FINISH 

WAVETEK PROCESS 


DO NOT SCALE DWG 




SCALE 



Vv^Vetek 



SAN DIEGO • CAIIEOANIA 



RS-2.32.-C, 
OPTIOM O02_ 



MODEL NO 

23/75 



23338 



1 000-00 -042'7 



A 



B 



1000-00-0427 A 











5 



3 



2 



1 




/ /. T r O' y - t U I O 
































MATION AND DESiGN RIGHTS BELONGING TO 
WAVETEK AM) MAY NOT BE REPRODUCED FOR AMY 
REASON EXCEPT CALIBRATION. OPERATION. AM3 
MAINTENANCE WITHOUT WRITTEN AUTHORIZATION. 



D 




C 



B 





NOTE 4 



REFERENCE DESIGNATORS 


PART DESCRIPTION 


ORIG-MFGR -PART-NO 


MFCR 


WAVETEK NO. 


GTY/PT 


NOINE 


SCHB1ATIC. RS-232 
OPTION 


0103-00-1677 


WVTK 


0103-00-1677 


1 


1 


STANDOFF 


013-003-2 


WVTK 


1400-00-2503 


4 


C12 C3 C4 C5 C6 


CAP CER MON 1PB= 50V 
25U +80/-20X RAD LD 
SP . 2 


^215E104ZAA 


AVX 


1500-01-0420 


5 


C7 C9 


CAP, MICA. 330PF. 500V 


DM15-331J 


ARCO 


1600-13-3100 


2 


CIO Cll C8 


CW. MICA, 470PF. 500V 


DM15-471J 


ARCD 


1500-14-7100 


3 


Cl C2 


CAP. MICA, 56PF. 500V 


DM15-560J 


M7C0 


1500-15-6000 


2 


2 


RS-232 OPTION BOARD 


1700-00-1677 


WVTK 


1700-00-1677 


1 


J30C J30T 


CONN. HEADER 26 PIN/! 
ROW 


929836-01-13 


A/P 


2100-02-0156 


2 


Y1 


CRYSTAL. 2. 4576 MHZ 


VF246 


VA-FI 


2300-99-0019 


1 


3 


SCREW. SELF LOCKING. 
PAN hEAD 4-40X3/16 


4-40 X 3/16 


CMRCL 


2800-23-4103 


4 


R1 


RES.C, 1/2W. SZ. lOM 


RC-1/2-106U 


STKPL 


4700-25-1005 


1 


R2 


RES, MF. 1/BW. 1%, 49. 9K 


RN55D-4992F 


TRW 


4701-03-4992 


1 


R3 


RES. FF. 1/aW, IZ. 6. 04K 


RN55D-6041F 


MEPCO 


4701-03-6041 


1 


CRl CR2 


DIODE 


1N5282 


FAIR 


4901-01-^82 


2 



VAvetek 

FWTTB LIST 



TITLE 

PCAi RS-2:^ OPTIC3N 



ASSEMBLY NO. 



1100-00-1677 
I 



REFERENCE DESIONATORS 

SWl 

W8 



PART DESCRIPTION 



CABLE> FLEXIBLE FLAT 
2*‘,20 PIN 

IC. GUAD LIPC 

RS-232C 

IC.QUAI> LINE 
RECEIVER. RS-232C 

IC. 1. O MHr A5YNCH 
COHN INTERFACE 
AttNPTER 

IC. CMOS PROQ BIT RAT^ 
GENERATOR 



C» IG-MF«?-P ART-NO 

500-105 

1-88665-9 

MCI4B8 

MC14B9L 

nC6B50 



DUNCN 

APP 



MOT 

MOT 



UAVETEK M3. 

5199-00-0001 

6001-60-0008 

8C»0- 14-8800 

8000-14-8900 

8000-68-50)0 

8004-70-2900 



B 



4. MRRK RSSEMBLY REMISTOSJ LETTER IN RREfl SHOWN. 

3. SEE INSTRUMENT SCHEMRTIC FOR ftSSEMBLY INTERCONNECTION. 

2. SEE 0103-00-1&77 FOR CIRCUIT SCHEKHTIC. 

1. PARTIAL REFERENCE DESIGNATIONS SHOWN, PREFIX WITH 
ASSEMBLY REFERENCE DESIGNATION 



NOTE: UNLESS OTHERWISE SPECIFIED 




7 



6 



5 



T 



4 



VviWETEK 

RMTTB LIST 



TITLE 

PCA. RS-232 OPTION 



I -I 



ASSEMBLY NO. 



1100-00-1677 
PAGE 2 



: REMOVE ALL BURRS 
! AND BREAK SHARP EDGES 



[DRAtm 

S. ReowiAw h}7oj&5. 



PftO^NCR 



REUASE APPRdV 






TOLERANC^W^LES 
OTHERWISE SPECIFIED 
.XXX 2.010 ANGLES il" 



DO NOT SCALE DWG 



2 ’.I 



WVETEK 



SAN DlCeO » CALIFORNIA I 



PCfl, 

RS232 OPTION 



23/75 



23338 



I00-00-|ii77 



A 



1100-00-16.77 








